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ABSTRACT 
Purpose: To ascertain household exposure to carbon monoxide (CO) and its 
associations with respiratory diseases in Port Elizabeth, a cross-sectional study was 
undertaken in Walmer Township and Wells Estate in Port Elizabeth. Ambient and 
indoor CO levels were measured in each township and compared with national and 
international air quality guidelines.  
Method: ChromAir® diffusion carbon monoxide badges were used for carbon 
monoxide measurement. Badges are relatively inexpensive and easy to use and 
results can be obtained after a 48-hour passive exposure. Exposure to CO was 
determined by measuring levels in the ambient environment and living rooms of study 
dwellings. The prevalence of respiratory diseases and symptoms were assessed using 
the iBhayi study questionnaire.  
Key results: The mean of ambient and indoor CO levels for the total sample was 8.02 
(SD 2.43) and 0.68 (SD 1.23) ppm respectively. In this study, 40% of ambient CO 
measurements exceeded the World Health Organisation (WHO) 8-hour guideline of 
8.7 ppm. The Student’s t-test showed that ambient (p = 0.59) and indoor (p = 0.16) 
CO levels in Walmer Township and Wells Estate were similar. This shows that CO 
exposure in both townships do not vary significantly. Fever and chills (32%), headache 
(19%) and runny/blocked nose (19%) were the most prevalent acute respiratory 
symptoms. The predominant respiratory diseases/conditions were tuberculosis (8.5%) 
and asthma (5.7%). CO at levels below the WHO 8-hour guidelines was significantly 
associated with the prevalence of acute respiratory symptoms (AOR = 2.286; 95% CI: 
1.220 - 4.283). Ageing emerged as an independent risk factor for high tuberculosis 
prevalence in the study sites (AOR = 5.837; 95% CI: 1.654 – 20. 596).  
Conclusions: The study indicated low levels of carbon monoxide exposure in the 
study areas. From the findings, CO may be associated with an increase in respiratory 
symptoms in the study population. Increasing community awareness on sources and 
adverse health effects of CO exposure with improved service delivery will be helpful 
in reducing the burden of respiratory outcomes in the study sites.  
Key words: air pollution, carbon monoxide, exposure, ChromAir® badge, respiratory 
outcomes, Port Elizabeth. 
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CHAPTER ONE 
OVERVIEW  
1.1 INTRODUCTION AND BACKGROUND TO THE PROBLEM 
The first World Health Organisation (WHO) global conference on air pollution and 
health held in Geneva in November 2018 provided epidemiological evidence 
pertaining the alarming magnitude of air pollution impact on public health (World 
Health Organisation, 2018a). This conference built on the major outcome of the 68th 
session of the World Health Assembly (WHA) held in May 2015 in which a resolution 
to tackle air pollution was reached (World Health Organisation, 2015a). Exposure to 
air pollution is acknowledged as one of the causes of diseases and death following 
ischaemic heart disease and stroke. The WHO estimates, based on country records, 
attributed about  3.7 million and 4.3 million deaths to ambient and indoor air pollution 
respectively (World Health Organisation, 2015a).  
Health risks associated with poor air quality include: acute lower respiratory tract 
infections especially in children younger than five years of age; ischaemic heart 
disease; stroke and lung cancer in adults (International Agency for Research on 
Cancer, 2013; World Health Organisation, 2016a). Other respiratory diseases linked 
to air pollution exposure include asthma, rhinitis, emphysema and chronic obstructive 
pulmonary disease  (Brauer et al., 2007; Chung et al., 2016). An assessment 
conducted by the International Agency for Research on Cancer (IARC) in 2013 
reported that air pollutants might be carcinogenic to humans (International Agency for 
Research on Cancer, 2013).   
The discharge of toxic gases into the atmosphere affects air quality and alters the 
atmospheric chemistry.  Air pollution occurs both indoors and outdoors. The United 
States Environmental Protection Agency (USEPA) under the Clean Air Act classified 
six pollutants as criteria pollutants due to their deleterious effect on health and the 
environment (United States Environmental Protection Agency, 2018). The criteria 
pollutants are carbon monoxide (CO), lead (Pb), nitrogen dioxide (NO2), ozone (O3), 
particulate matter (PM2.5, PM10) and sulphur dioxide (SO2). Human exposure occurs 
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when individuals are in contact with an air pollutant. This can occur through inhalation, 
ingestion or skin absorption.  
South Africa, like other developing countries, has air pollution problems. Currently, the 
country makes a major contribution to global carbon emissions due to high 
dependence on coal; nearly 90% of the country’s electricity is generated from coal. Air 
pollution and health studies undertaken in the country have linked ill health and 
mortality to air pollution. Norman and colleagues conducted a study using data from 
the year 2000 to estimate the mortality burden attributed to outdoor air pollution in 
South Africa. The results conservatively estimated that ambient air pollution was 
responsible for about 3.7% of mortality from cardiopulmonary disease. It also showed 
that air pollution was responsible for 5.1% of deaths from cancers of the trachea, 
bronchus and lungs in adults over 30 years of age and 1.1% of mortality due to acute 
respiratory infections in children less than five years of age (Norman et al., 2007).  
This study focuses on carbon monoxide (CO), a product of incomplete combustion of 
solid fuels. Upon inhalation, CO forms a strong bond with haemoglobin which restricts 
oxygen transport in the body. Health effects associated with CO exposure ranges from 
headaches, nausea and dizziness to neurological disorders (Hampson et al., 2012). 
Exposure to high concentrations of CO can lead to unconsciousness and death, while 
low level exposures can harm the brain and heart (Agency for Toxic Substances and 
Disease Registry, 2012; Lai et al., 2016).  
This study was conducted in Wells Estate and Walmer Township in Port Elizabeth, a 
metropolitan city and one of the largest industrial regions of the Eastern Cape Province 
(Fig 1.1). Both townships have a history of inequality in resource distribution, which is 
evidenced by poor access to basic infrastructure and services in black South African 
townships. The primary services in limited supply include education, healthcare and 
basic environmental health services such as adequate sanitation. 
  
 
3 
 
 
 
 
 
 
 
 
 
Figure 1.1: Map of South Africa showing position of Port Elizabeth (Nelson 
Mandela Bay, 2018) 
1.2 PROBLEM STATEMENT  
The purpose of this study was to ascertain the levels of household exposure to carbon 
monoxide in Wells Estate and Walmer Township, Port Elizabeth, and its association 
with respiratory diseases. Wells Estate is located in close proximity to the Coega 
Industrial Development Zone (CIDZ), while Walmer Township is adjacent to the Port 
Elizabeth International Airport.  
Exposure studies by Schlenker and Walker (2016) found that aviation operations are 
associated with elevated levels of CO in California communities. Hospitalisation for 
respiratory complaints and cardiovascular outcomes were reported more frequently 
among community members living beside the airport, relative to residents living further 
away (Schlenker and Walker, 2016). This implies that residents of Walmer Township 
may potentially be exposed to elevated levels of air pollutants and concomitant health 
effects. In addition, the use of biofuels and burning of domestic waste in the area may 
affect air quality.  
Local level assessments of air quality have, to the researcher’s knowledge, not been 
undertaken in either Wells Estate or Walmer Township. Therefore, the investigation of 
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the ambient and indoor air quality of the study sites will provide useful data for the 
purposes of health risk assessment.  
1.3 AIM OF STUDY  
To measure carbon monoxide levels in ambient and indoor air in Wells Estate and 
Walmer Township, Port Elizabeth, and to determine the association between CO 
levels and respiratory symptoms and diseases. 
1.4 RESEARCH OBJECTIVES 
The research has the following objectives: 
i. To determine the levels of household exposure to CO in Wells Estate and 
Walmer Township, and compare the measurements with national and 
international air quality guidelines. 
ii. To compare indoor to outdoor CO levels. 
iii. To compare CO levels found in Wells Estate and Walmer Township.  
iv. To compare the prevalence of respiratory outcomes in the two study sites using 
raw data on respiratory health from the iBhayi study questionnaire   
v. To determine whether there is an association between carbon monoxide 
exposure and respiratory diseases at household level in both study sites after 
adjusting for confounding factors. 
 
To meet the research objectives, the following hypotheses will be tested: 
a. Null hypothesis (H0): There is no difference in average carbon monoxide levels 
between the study sites. 
Alternative hypothesis (Ha): There is a difference in average CO levels between 
the study sites. 
 
b. Null hypothesis (H0): There is no relationship between carbon monoxide levels 
and respiratory symptoms and diseases in the study sites. 
Alternative hypothesis (Ha): There is a relationship between carbon monoxide 
levels and respiratory symptoms and diseases in the study sites. 
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1.5 SIGNIFICANCE OF STUDY 
The current study is part of a panel study – the iBhayi Environment and Health Study 
conducted by the South African Medical Research Council (SAMRC), the Nelson 
Mandela University and the Nelson Mandela Bay Municipality (NMBM) in Port 
Elizabeth.  The study offers the following benefits: 
i. Provides baseline data on the levels of carbon monoxide pollution in Wells 
Estate and Walmer Township.  
ii. Provides insight into the relationship between indoor and outdoor carbon 
monoxide exposure and respiratory diseases prevalent in both townships. 
iii. Raises awareness of air quality and respiratory health concerns in the study 
sites. 
1.6 RESEARCH DESIGN 
In undertaking this study, the student researcher adopted a quantitative and cross-
sectional, analytical study design. Quantitative research methods involve data 
gathering for the purposes of testing a set of hypotheses (Bryne, 2017). Data obtained 
are usually numeric. Other forms of quantitative data can be converted to a numerical 
format to enable statistical analysis. Cross-sectional study designs are descriptive and 
observational in nature (Abutabenjeh and Jaradat, 2018). This design is often adopted 
in epidemiological studies to establish associations between variables. Therefore, the 
relationship between CO levels in the study sites, and respiratory health information 
of the study population was investigated.  
1.7 CLARIFICATION OF CONCEPTS  
The meaning of major concepts used in the study is provided below: 
1.7.1 Air quality/pollution 
According to the Collins English Dictionary (2018), air quality can be defined as the 
degree in which air is suitable to support human health.  
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1.7.2 Ambient air 
This refers to air found in an unrestricted part of the atmosphere. It is synonymous 
with outdoor air. 
1.7.3 Indoor air 
This means air found inside buildings. In the context of this study, it refers to air found 
in sampled dwellings of Walmer Township and Wells Estate.  
1.7.4 Exposure 
It refers to contact between an agent (example carbon monoxide) and a target. In this 
study, “target” refers to residents in Wells Estate and Walmer Township in Port 
Elizabeth.  
1.7.5 Respiratory outcomes 
Within the context of this study, respiratory outcomes include both acute symptoms of 
respiratory ill health (such as wheezing, fever, and headache), and respiratory 
diseases (Examples include chronic bronchitis and asthma).  
1.7.6 Air sampling  
This is a method whereby air quality is measured to determine the concentration of 
contaminants in a given environment (United States Environmental Protection 
Agency, 2018). In this study, CO measurements in ambient and indoor environment 
were obtained during the air sampling process.  
1.8 BRIEF CHAPTER OVERVIEW 
The dissertation will consist of six chapters with the following details:  
Chapter 1: This chapter provides information on the background to the study, problem 
statement, study rationale, the aims and objectives, research questions, hypothesis 
and the significance of this study.  
Chapter 2: Literature review; this chapter highlights discussions on literature related 
to general air pollution and health outcomes. The subject of respiratory health, air 
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quality management and carbon monoxide properties were elaborated. Diffusion 
sampling using ChromAir® diffusion carbon monoxide badges (ChromAir® badges) 
with an overview of related previous studies are discussed. 
Chapter 3: Research methodology, this chapter presents a description of the research 
methodology. It provides details on the research instruments and data collection 
processes undertaken including ethical considerations adopted for the study.  
Chapter 4: This chapter presents details of the research findings and results. It 
attempts to address the study objectives outlined in section 1.4. 
Chapter 5: This is the discussion chapter. The researcher highlights the main study 
findings and aligns it with existing epidemiological evidences.  
Chapter 6: Conclusions, study limitations and recommendations. This chapter 
highlights the major conclusions of the study, highlighting the study limitations as well 
as propose recommendations for future research. 
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CHAPTER TWO 
LITERATURE REVIEW  
2.1 INTRODUCTION 
This chapter consists of the review of relevant literature on air pollution and associated 
health outcomes. Factors that predispose populations to air pollution exposure, as well 
as air quality guidelines, are discussed. This is followed by an outline of the health 
risks of carbon monoxide exposure, especially respiratory diseases. The various 
methods used for monitoring CO will be highlighted, with emphasis on passive 
diffusion sampling and ChromAir® badges. Finally, previous CO exposure studies was 
reviewed.  
2.2 AIR POLLUTION DEFINED 
Daly and Zanetti (2007) defined air pollution as the anthropogenic emission of harmful 
chemicals into the atmosphere. According to the World Health Organisation, air 
pollution is the contamination of the ambient and indoor environment by any chemical, 
physical or biological agents which modifies the natural characteristics of air in such 
environment (World Health Organisation, 2017). Air pollution can be defined as the 
emission of compounds into the atmosphere in levels that adversely affects health and 
life in general. It constitutes an environmental hazard with several health problems, 
both major and minor outcomes. Substances that reduce air quality are called air 
pollutants. Apart from its public health concerns, air pollution comes with huge social, 
economic and environmental costs. Health problems associated with air pollution will 
be discussed in subsequent sections.  
2.3 SOURCES OF AIR POLLUTION 
Air can be polluted by natural means (volcanic eruption, sea salt emissions) or 
anthropogenic processes (automobile, industries). Major sources of air pollution 
include transport (e.g. cars, diesel trucks, and planes), agriculture, household fuel 
combustion, and waste treatment. Industrial sources of pollution include emissions 
from power stations, lead smelters, oil and steel production. In addition, ceramics, 
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cement and steel industries release particulate matter and dust into the atmosphere 
(Daly and Zannetti, 2007). 
Aviation and aircraft have been identified as significant contributors to local air 
pollution. Pollution sources at airports include freight operations, mobile power 
generating equipment used to service engines and supply power while aircraft is on 
the ground, and refuelling facilities that emit complex volatile substances into the 
atmosphere (Whitelegg, 2000; Scorgie, 2012). Another important source is from 
aircraft exhaust emissions during  movement on runways, taxiing to and from terminals 
and hangars, and immediately prior to take-off and subsequent to landing, (Schlenker 
and Walker, 2016).  
Household air pollution emanates mostly from the use of cheap fuels for cooking, 
space warming and lighting purposes. Tobacco smoking, pesticide spraying, burning 
of candles and mosquito coils are also sources of exposure to indoor pollution (Lee 
and Wang, 2006).   
2.3.1 Indoor air pollution   
The Organisation for Economic Co-operation and Development (OECD) defined 
indoor air pollution as the contamination of indoor air by chemical, physical and 
biological agents (Organisation for Economic Co-operation and Development, 2003).  
The reliance on cheap fuels as energy sources has further increased indoor pollutant 
levels (Thomas, Seager and Mathee, 2002; Albers et al., 2015; Sidhu et al., 2017). 
The incomplete combustion of polluting fuels used in  poorly ventilated dwellings 
causes smoke and  the accumulation of CO and other pollutants within the indoor 
space (Barnes et al., 2009; Ezzati, 2017). This results in several health problems 
including respiratory outcomes.   
Studies conducted in developing countries strongly indicate that biomass smoke is of 
utmost health concern. About 3 billion people, mostly from poor countries, rely on solid 
biomass for energy (Barnes et al., 2009; Ezzati, 2017). Several epidemiological 
studies have presented strong evidence linking indoor smoke from biomass fuel use 
to acute lower respiratory infections (ALRIs) in children under the age of five years 
and lung cancer, as well as other cancers in adults (World Health Organisation, 2007; 
Torres-duque et al., 2008; International Agency for Research on Cancer, 2013; 
10 
 
Gordon et al., 2014; Albers et al., 2015). Therefore, a study exploring exposure levels 
in the indoor environment with an assessment of variables that interacts with specific 
contexts is useful in providing insights into the health effects of indoor air pollution in 
the current study setting. 
2.3.2 Ambient air pollution  
This category of air pollution is highest in cities with high concentrations of industrial 
operations and significant automobile emissions (Kemp, 2004). The need to manage 
ambient air pollution and its outcomes, led to the establishment of monitoring networks 
in cities around the world. The United Nations Environment Programme (UNEP) and 
WHO have been actively involved in monitoring and reporting ambient air pollution 
trends for about 40 years (United Nations Environment Programme, 2017). Some 
authors have argued that monitoring networks do not provide data that effectively 
represents ambient air pollution in some settings (Flachsbart, 2006; Tain et al., 2014; 
Schlenker and Walker, 2016). As a result, diffusive passive samplers which are 
relatively cheap devices, have become helpful in determining the distribution of air 
pollutants in various environments.   
2.4  AIR POLLUTION AND ASSOCIATED HEALTH OUTCOMES 
A number of air pollution studies have been conducted since 1990. Many of these 
studies found compelling evidence connecting air pollution exposure to adverse health 
conditions, including morbidity and mortality effects, hospitalization and emergency 
room visits, with significant contributions to the global burden of disease (Wichmann,  
and Voyi, 2005; Cohen et al., 2017). Most studies pointed to associations between air 
pollution and respiratory and cardiovascular disorders, lung function reduction, allergic 
diseases such as asthma, chronic obstructive pulmonary diseases, pneumonia and 
possibly tuberculosis (Ostro, 2004; Zhang and Smith, 2007; O’Connor et al., 2008; 
Schlenker and Walker, 2016). Table 2.2 shows the mechanism of toxicity and health 
outcomes associated with specific pollutants. 
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Table 2.1: Means of toxicity and adverse health effects of selected pollutants 
(modified from: Ghorani-Azam, Riahi-Zanjani and Balali-Mood, 2016; United States 
Environment Protection Agency, 2016) 
Pollutant Means of toxicity  Adverse health effects 
Carbon 
monoxide (CO) 
- CO absorbed through the 
lungs 
- Combines with haemoglobin 
to  form carboxyhaemoglobin 
which     
- decreases oxygen transport 
to   vital organs such as heart 
and brain 
- Headaches, confusion, 
dizziness  
- Low birth weight  
- Prolonged exposure to 
concentrations above 
800 ppm can lead to 
death 
Ozone (O3) - Irritation of the middle 
airways 
- triggers a sequence of events 
resulting in lung inflammation 
- increases small airway 
obstruction    
- cough, tightness in 
chest, 
- Shortness of breath  
- Exacerbates lung 
diseases such as 
Chronic obstructive 
lung diseases (COPD) 
and bronchitis 
Nitrogen dioxide 
(NO2) 
- Affects the lower respiratory 
tract  
- Irritates the respiratory tract 
resulting in respiratory 
symptoms 
- Decrease in lung activity 
- Long-term exposure can 
trigger pulmonary oedema 
- cough and production 
of phlegm 
- Bronchitis  
- Aggravates asthmatic 
condition especially in 
children 
Sulphur dioxide 
(SO2) 
- Acts on the upper airways  
- Irritates the airways leading 
to respiratory symptoms 
- Reduction in lung activity 
- Coughing, wheezing, 
chest pain 
- Worsens asthmatic 
conditions 
- Triggers cardio-
respiratory problems 
particularly in children 
and the elderly 
Particulates 
(PM10 and 
PM2.5) 
- Activates pulmonary oxidative 
stress and irritation  
- Breathing difficulties,  
- Exacerbation of 
asthma 
- Chronic respiratory 
diseases 
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2.5 POPULATION EXPOSURE TO AIR POLLUTION  
2.5.1 Exposure  
The term exposure refers to the “contact between an agent and a target” (Ott, 
Steinmann and Wallace, 2006).  Air pollution exposure involves the interaction or 
contact between an individual and a pollutant for a certain period.  The means of 
contact with the human body can be through inhalation or skin absorption (Muller et 
al., 2003). To determine the complete exposure of an individual to a pollutant, the 
amount of time spent and pollutant concentration should be known.   
In human exposure assessment, the interactions between certain parameters produce 
associated health effects from air pollution. Such factors include the source of 
pollution, concentration (or levels), dose and a person’s health conditions (see Fig 
2.1). Therefore, to determine the health effects of pollutant species, information on 
these parameters are essential.   
Figure 2.1: Interactions in human exposure and health assessment studies 
(Modified from Khafaie et al., 2016)  
2.5.2 Vulnerabilities to pollution exposure   
Numerous hypotheses have been advanced with respect to factors that interplay when 
an individual is exposed to air pollution. In their view, Khafaie et al. (2016) hold that 
the negative health effects of air pollution on a population are not only dependent on 
the level of exposure to pollutants but also on typical individual response to that 
pollutant. This means that various individuals or groups respond differently to pollutant 
exposure. For example, the elderly;  people with cardiovascular health conditions; 
pregnant women and  foetuses; have been identified as high-risk groups (Ostro et al., 
2004; Wichmann, 2006; Makri and Stilianakis, 2008).  
Source 
•such as 
traffic, 
industry, 
biomass fuel  
Concentration
is a function of 
pollutant 
origin and 
chemical 
alterations 
Exposure
•is a function 
of both 
concentration 
and lenght of 
contact 
periodhe 
concentration  
and duration 
on contact 
Dose
relates to  the 
amount of 
pollutant  
absorbed by the 
body in a given 
time  
Health
- is a fucntion 
of pollutant 
dose and on 
target  
individual 
health 
variables 
13 
 
Several factors may be responsible for the vulnerability of a given population to an 
environmental hazard. In their review on air pollution exposure using the risk 
framework, Makri and Stilianakis (2008) advanced reasons for differences in individual 
vulnerabilities, including socio-economic factors, genetic make-up and age including 
activity patterns. Studies have shown that children attending school close to industrial 
areas could have an escalated risk of CO exposure and respiratory outcomes (Albers 
at al., 2015; Naidoo et al., 2013). However, Gordon et al. (2014) was inclined to the 
opinion that socio-economic factors such as occupation, poor medical attention and 
housing conditions are critical in the response to pollution exposure. Sexton and 
colleagues stated that the poor suffer more air pollution burden because they engage 
mostly in menial jobs (Sexton et al., 1993). For instance, people working in ceramics 
and agro-allied industries, as well as children involved in menial jobs, may accumulate 
large doses of pollutants (Rondon, Silva and Botello, 2011). Similarly, due to inability 
to afford improved energy options, low-income households resort to biofuels which 
predisposes household members to respiratory problems (Muller et al., 2003; Friedl et 
al., 2008; Barnes et al., 2009; Gordon et al., 2014).   
The existence of long-term ailments, for example lung disease and chronic obstructive 
pulmonary disease, could influence response to pollutant exposure (MacNee and 
Donaldson, 2000). Additionally,  practices such as smoking and drinking were reported 
to aggravate negative health conditions in exposed individuals (O’Neill et al., 2003).   
In conclusion, based on evidence from these authors, susceptibility could arise from 
both internal and external factors within individuals in a specific population. 
2.6 AIR QUALITY GUIDELINES AND LEGISLATION  
2.6.1 International air quality guidelines  
Air quality guidelines were articulated with the primary objective of protecting public 
health. The guidelines prescribed exposure levels that should not be exceeded in a 
specific period. The World Health Organisation (WHO) air quality guidelines (AQG) 
provide guidance on thresholds and limits for criteria pollutants to reduce associated 
health impacts (Hagenbjörk-Gustafsson, 2014). The AQGs were collated from 
emerging scientific evidence on the health consequences of air pollution. They are 
intended to serve as both a reference and policy tool for combating air pollution and 
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its consequences worldwide. The WHO ambient air quality guidelines for CO are 
presented in Table 2.3.  WHO indoor limit for CO is 6.1 ppm for 24 hours averaged 
time. (World Health Organisation, 2010). 
The AQGs are not officially obligatory on UN member states. However, regulatory 
bodies in each country such as the United States Environmental Protection Agency 
(USEPA), UK Environment Agency and European Commission, as well as South 
Africa, enforce legally binding limits to protect public health.  In the case of South 
Africa, the reference document is the National Ambient Air Quality Standards 
(NAAQs).  
Table 2.2: CO Exposure Limits  
Pollutant Averaging 
times 
European 
Union (EU) 
EPA 
(United 
States) 
WHO SANS 
(South 
Africa) 
Ambient 
limits 
1 hour 0.14 ppm 35 ppm 
(40 mg/m3) 
26 ppm 
(30 mg/m3) 
26 ppm 
(30 mg/m3) 
8 hours 9 ppm 
(10 mg/m3) 
9 ppm 
(10 mg/m3) 
8.7 ppm 
(10 mg/m3) 
8.7 ppm 
(10 mg/m3) 
Indoor 
limits 
15 mins - - 85,8 ppm - 
1 hour - - 30 ppm 
(35 mg/m3) 
- 
24 - - 6.1 ppm 
(7mg/m3) 
- 
(World Health Organisation, 2010; European Commission, 2018; United States 
Environmental Protection Agency, 2016; Department of Environmental Affairs and 
Tourism, 2009). 
2.6.2 South African Air Quality Guidelines and Legislation  
South Africa has clearly articulated standards and legal frameworks set primarily to 
protect both public health and the ecosystem. The primary reference document is the 
Constitution of the Republic of South Africa (specifically section 24) which stipulates 
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that "everyone has the right to an environment that is not harmful to their health and 
well-being” (Justice and Constitutional Development, 1996:24). From a legislative 
perspective, the initial approach to air pollution control was set in motion by the 
Atmospheric Pollution Prevention Act (APPA) Act No. 45 of 1965. This was followed 
by the introduction of the Integrated Pollution and Waste Management Policy (IP&WM 
policy). The IP&WM was a viable operational tool for pollution management because 
of its seven strategic goals. Subsequently, the National Air Quality Management Plan 
(NAQMP) was launched, followed by the National Environment Management: Air 
Quality Act (AQA) No. 34, 2004. In line with the objectives of the AQA, a National 
Framework for Air Quality Management was established in 2007 and later amended 
in 2012 (Department of Environmental Affairs, 2013).  The framework serves as a 
standard for the control of emissions through effective planning and management 
protocols.   
Furthermore, an important standard is the South African National Standard (SANS 
1929/2005) first published in 2005 and the second edition in 2011. It provides ambient 
limits for priority pollutants such as CO, NO2, O3, C6H6, SO2, lead, PM2.5 and PM10. 
The South African National Standard (1929:2011) provided pollutant limit values, alert 
thresholds, target values and average period (over which pollutant should be 
measured), the concentration of pollutants as well as the frequency of exceedances 
allowable per year. Assigned numerical values for limit values, alert thresholds and 
target values emerged from scientific investigations conducted internationally and 
locally (Hagenbjörk-Gustafsson, 2014).  
2.6.3 Air quality management  
For the purposes of effective air quality management, the Department of 
Environmental Affairs (DEA), the coordinating agency for air quality management is 
implementing the National Environmental Management: Air Quality Act (i.e. Act No. 
39 of 2004).   
In line with its mandate, three major industrial regions have been declared as Priority 
Areas as a result of high pollution from coal-fired power stations, mining, metallurgical 
and petrochemical industries (Wright et al., 2011). The priority area include the Vaal 
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Triangle Air-shed Priority Area, the Mpumalanga High Veld Priority Area (HPA),  and 
the Waterberg-Bojanala Priority Area (Department of Environmental Affairs, 2016a). 
Air quality management in these areas is based on the customised Air Quality 
Management Plans (AQMP) developed by the DEA as per section 18 (1) of the Air 
Quality Act of 2004. The overall objective of  AQMPs is to ensure that ambient air 
quality in these areas conforms to the National Ambient Air Quality Standards 
(NAAQS) (Department of Environmental Affairs, 2015).  
The new National Air Quality Offset Guidelines is another important management tool 
to curtail impacts of industrial emissions. According to the guidelines, the offset 
comprises a set of activities undertaken to minimize the harmful effects of air pollution 
on the ecosystem (Department of Environmental Affairs, 2016b).  The main objective 
of the offset is to strengthen existing air pollution control protocols within organizations. 
An advantage of the offset guidelines is that it provides a structure that allows the 
licencing authority to assess the prevention and emission mitigation procedures before 
issuing the Atmospheric Emission Licences in pursuant of section 39(c) of the Air 
Quality Act (Department of Environmental Affairs, 2016b).  
Several organizations within and outside the priority areas including airports have fixed 
air monitoring network stations. Air quality data from these stations are fed into the 
South African Air Quality Information System (SAAQIS). There are more than 102 
state-owned monitoring stations, out of which 84- including privately owned stations- 
submit their datasets to SAAQIS (Department of Environmental Affairs, 2015). 
SAAQIS stores air quality information in a database and provides information to 
stakeholders for effective air pollution management (Department of Environmental 
Affairs, 2018).  
Despite the measures put in place by governmental agencies,  scientific investigations 
in the US have shown that pollutants still trigger health problems at levels below the 
EPA standards (O’Connor et al., 2008; Schlenker and Walker, 2016). This raises 
concerns for communities situated beside pollution sources especially industrial areas. 
Hence, more awareness and data is required to re-assess the present air quality 
values and management plans to protect public health.   
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Besides the foregoing, there is the concern of managing indoor air quality particularly 
in residential dwellings. Currently, South Africa is yet to promulgate an indoor air 
quality standard for CO, hence the WHO guidelines is adopted as a standard (World 
Health Organisation, 2010).  There have been specific efforts to reduce domestic use 
of polluting fuels through electrification, advocacy for adoption of smoke-free stoves 
and other clean fuel options (Scorgie, 2012). The effective integration of air quality 
management framework across all sectors of the economy is critical to achieving 
improved air quality in South Africa, thereby reducing the incidence of respiratory 
health problems.  
2.7 RESPIRATORY HEALTH  
Respiratory health is essential in assessing the total well-being of a population.  
Epidemiological evidence reveals that respiratory diseases contribute largely to the 
global burden of diseases with a large proportion recorded in developing countries 
(Torres-Duque et al., 2008; Ferkol and Schraufnagel, 2014; Gordon et al., 2014). The 
high prevalence in these countries is mainly due to limited infrastructure for disease 
management as well as ineffective air quality management policies (World Health 
Organisation, 2008).   
Respiratory disorders begin when the respiratory organs are exposed to air pollutants. 
The deposition of a substantial amount of pollutants in the airways can cause 
inflammation (United States Environmental Protection Agency, 2017). Initially, 
inflammation begins from the upper respiratory tract and progresses to the lower tract 
if exposure is continued. Several epidemiological studies have established strong 
associations between air pollution (particularly indoor air pollution) and respiratory 
diseases (Norman et al., 2007; Perez-Padilla, Schilmann and Roojas-Rodriguez, 
2010; Laumbach and Kipen, 2012; Sidhu et al., 2017). However, evidence of the 
mechanistic pathway which describes how air pollutants trigger respiratory diseases 
is emerging. Studies have revealed that exposure to air pollutants triggers biochemical 
processes resulting in irritation of the epithelial linings of the respiratory tract which 
overtime progresses into chronic injuries (Ghorani-Azam, Riahi-Zanjani and Balali-
Mood, 2016).  Symptoms of respiratory illness are: runny nose, breathing difficulties, 
cough, phlegm, sinusitis, sneezing, and sore throat (World Health Organisation, 2007; 
United States Environmental Protection Agency, 2017). Other symptoms are 
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wheezing, rapid breathing, fatigue and tightness of the chest, chest pain and cough 
(Singh, 2016). Acute and chronic respiratory diseases will be discussed briefly.  
2.7.1 Acute respiratory infections   
Acute respiratory infections (ARIs) have been identified as a key health problem 
associated with air pollution. ARIs refers to a condition where breathing becomes 
difficult due to an abrupt reduction in oxygen levels in the lungs.  This event can affect 
both the upper and lower respiratory tracts. Children under five years of age and the 
elderly are most vulnerable to acute respiratory problems. Pneumonia, acute 
bronchiolitis, and influenza are examples of ARIs (European Lung Foundation, 2018). 
Pneumonia and bronchiolitis rank highest among the major causes of mortality 
associated with respiratory diseases in developing economies (Gordon et al., 2014). 
The common symptoms of acute respiratory infections are: runny nose, cough, sore 
throat, body aches, fever and chills.   
2.7.2 Chronic respiratory diseases/conditions  
Chronic respiratory diseases constitute global public health problems.  Chronic 
respiratory diseases affect the airways and structures of the lungs. The World Health 
Organisation’s publication on chronic respiratory diseases puts annual mortality 
figures at about four million deaths (World Health Organisation, 2018b). Though all 
age groups were reported to be vulnerable, infants and children were observed to be 
at most risk (World Health Organisation, 2007; Ferkol and Schraufnagel, 2014). Hence 
the disease burden among children and the aged population is high (World Health 
Organisation, 2008).  
According to the Forum of International Respiratory Societies (FIRS), five conditions 
contribute significantly to chronic respiratory disease burden, namely - asthma, 
tuberculosis, lung cancer, acute respiratory infections (ARIs) and chronic obstructive 
pulmonary disease (COPD) (Ferkol and Schraufnagel, 2014). Others include 
pneumonia and pulmonary hypertension (World Health Organisation, 2007; Ehrlich 
and Jithoo, 2005).  Epidemiological findings have established the possibility of COPD 
predisposing patients to lung cancer (Dai et al., 2017). Already, both diseases have 
been recorded as major causes of respiratory-related deaths and are projected to do 
so in the future (Mathers and Loncar, 2006). This means that efforts towards reducing 
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exposure to air pollution will ultimately reduce the associated disease burden and 
improve life expectancy ratios.   
2.7.3 Risk factors for respiratory ill health  
Epidemiological evidence has shown that ambient and indoor air pollutants contribute 
significantly to the respiratory disease burden. Potential factors that could predispose 
a given population to air pollutants such as CO were described in subsection 2.5.2.  
Traffic related exposure has also been associated with the development of asthma 
symptoms and other respiratory infections (Gonzalez-Barcala et al., 2013; Brauer et 
al., 2002).  Nkosi (2016) observed that respondents who lived near busy roads had 
53% incidence of wheezing. Obesity, smoking, alcoholism and inactivity are some 
lifestyle factors associated with the severity of chronic respiratory illness (World Health 
Organisation, 2018b).  
Household socio-economic status such as income and level of education influence the 
choice of fuel, housing/neighbourhood and quality of life. In South Africa, due to low 
economic status, households live in poorly constructed informal dwellings, with poor 
ventilation and use polluting fuels for cooking and space warming (Makene, 2008).  
Housing quality has been identified as a determining factor of respiratory health 
(Makene, 2008; Gan et al., 2017). Regarding the use of polluting fuel, a study in rural 
Zimbabwe established an association between residential biomass use and chest 
congestion in children and bronchitis cases in women (Rumchev et al., 2007). The 
authors’ findings are similar to conclusions drawn in reviews of epidemiological 
evidence relating the use of polluting fuels to respiratory outcomes (Torres-Duque et 
al., 2008; Fullerton et al., 2008). Other important risk factors associated with 
respiratory outcomes are aging, gender, and tobacco smoking.   
2.8  CARBON MONOXIDE 
Carbon monoxide is produced from the incomplete burning of fossil and biomass fuels. 
Typical examples of these fuels are wood, crop residue, animal waste and coal. 
Biomass and fossil fuel are major sources of energy in rural households of developing 
countries (Barnes et al., 2009; Tian et al., 2014).  Indoor sources of CO are cigarette 
smoke, barbecues, stoves and furnaces (Levy, 2015). The burning of incense and use 
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of hookah pipes indoors also contributes to indoor CO levels and exposure (Yeatts et 
al., 2012; Weitzman et al., 2016). 
CO from outdoor sources can also penetrate indoor spaces. Coal combustion for 
power generation and industrial purposes constitute a  point source of CO emission 
(Han and Naeher, 2006). Other major outdoor sources include exhaust emissions from 
cars, trucks, ocean-going vessels and aircraft. Thus, high CO levels are recorded in 
places with a heavy traffic concentration (Han and Naeher, 2006), such as near major 
highways. 
2.8.1 Physical and chemical properties   
Carbon monoxide (CO) is a toxic, colourless, odourless, non-irritant and tasteless gas, 
common in urban atmospheres. It is called the “invisible or silent killer” because it lacks 
odour to give warning of contact or exposure (Hamspon et al., 2012). CO has a 
molecular weight of 28.1 g/mol, a melting point of -199 ºC and a boiling point of -191.5 
ºC (World Health Organisation, 1999). The mass is lighter than air thus it spreads 
quickly in the atmosphere and within indoor environments (Flachsbart, 2006). A 
decrease in concentration might be noticed in areas with high wind velocity. CO is 
expressed in parts per million (ppm) or in milligram per cubic metre (mg/m3). For 
conversions purposes, 1 ppm = 1.145 mg/m3 and 1 mg/m3 =0.873 ppm (World Health 
Organisation, 1999). 
2.8.2 CO toxicity and acute exposure limits 
CO is an asphyxiant - it inhibits the transfer and utilization of oxygen in the tissues by 
blocking the oxygen-binding site on haemoglobin to form a complex called 
carboxyhaemoglobin (CoHb) (Hess, 2017). This reversible process leads to a 
condition called hypoxia.  COHb is a known biomarker for determining CO levels in 
the blood and possible health risks (Veronesi et al., 2017). Flachsbart (2006) explained 
that the level of COHb in the blood stream is not solely reliant on the duration of 
exposure but also on the individual’s respiratory health status and general body 
metabolism (Flachbart, 2006). WHO advised that the level of carboxyhaemoglobin in 
a healthy adult should not exceed 2% (World Health Organisation, 2010). The health 
effects of CoHb at varying levels in a normal human adult, as well as the vulnerable 
population are presented in Table 2.4.  
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Table 2.3: Health effects of CoHb in normal and vulnerable populations (Modified 
from: World Health Organisation, 1999) 
Healthy Adults Vulnerable sub-population 
COHb 
(%) 
Symptoms COHb 
(%) 
Symptoms 
≈1 Physiologic background 
concentration  
2 Onset of heart angina and signs of 
myocardial ischemia  
5-6 Increase in abnormal beating 
of the heart in people with 
coronary artery problems 
3-8 Background concentration in 
smokers  
10 Shortness of breath after 
exercise, tightness across the 
forehead 
7 Nausea in children, headache  
13-15 Cognitive development deficiency 
in children, myocardial infarction   
20-30 Shortness of breath, 
intermittent headache, 
dizziness, blurred vision, easily 
tired  
15- 25 Decrease in birth weights, 
Stillbirths  
 
40-50 Confusion, headache, collapse  
>60 Unconsciousness, sporadic 
convulsion, respiratory failure, 
death if exposure is extended 
2.9  CO EXPOSURE AND HEALTH RISKS 
Carbon monoxide poisoning is one of the leading causes of death worldwide.  
According to experts at the US Centres for Disease Control and Prevention, symptoms 
of CO exposure such as flu, nausea and headache may be easily ignored (King and 
Bailey, 2007). Exposure to high concentrations was linked to headaches, vomiting, 
unconsciousness and even death (WHO 2008, Daly and Zannetti 2007, United States 
Environmental Protection Agency, 2016). CO exposures in the household could come 
from fireplaces, cracks and holes in the walls, paraffin space heaters and from tobacco 
smoke (Flachsbart, 2006). Since CO cannot be detected by smell, people become 
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exposed unknowingly. Therefore, low awareness on CO toxicity predisposes the 
public to CO associated health risks, especially in developing countries. 
2.9.1 Neonatal toxicity  
Another aspect of public health concern is the possible effect of CO on neonates and 
infants of mothers exposed to high CO levels. The Irish Health and Safety Authority 
classifies CO as a category one reproductive toxin (Health and Safety Authority, 2008). 
This indicates that CO gas is poisonous to the reproductive system and may be 
harmful to foetal development. A cohort study conducted by Ritz and Yu (1998) 
compared the influence of ambient CO exposure in pregnancy in the last trimester and 
rate of low birth weight; indicated that CO is an important risk factor for low birth weight 
in neonates. Tobacco smoking also increases the CO level of the blood.  Other studies 
implicated maternal smoking and post-delivery environmental tobacco smoke as key 
sources of foetal CO exposure (Higgins, 2002; Herrmann, King and Weitzman, 2008). 
These studies did not consider the influence of CO from sources other than tobacco 
and ambient CO.  
2.9.2 Neurological effects  
Ambient CO exposure is known to contribute to neurological disorders. Observed 
associated neurologic dysfunctions include hearing disorders, intrusion of foetal brain 
development processes, memory impairment, decline in intellectual capacity and 
emotional instability (Townsend and Maynard, 2002; Levy, 2015). A clinical study 
recorded associations between severe CO exposure and Parkinsonism (Chang et al., 
2016). Based on the literature, the extent of neurotoxicity is dependent on the extent 
of exposure and other factors highlighted in subsection 2.5.1. 
2.9.3 Cardiovascular effects   
CO produces its toxic effects in the heart and vascular system. The toxic effects are 
discussed in sub-section 2.8.2.  The depletion in oxygen transport at the tissue level 
affects mostly organs with more oxygen requirements such as the heart. Therefore, 
the prolonged exposure to ambient CO levels predisposes the development of 
atherosclerosis, a known risk factor for stroke and heart disease as well as increased 
symptoms of ischaemic heart disease (World Health Organisation, 2010). The elderly, 
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pregnant mothers, and people with cardiovascular diseases suffer more from high 
CoHb levels (Flachsbart, 2006).  Notably, children and adults suffering from pulmonary 
and coronary artery disease were reported to be more vulnerable than healthy ones 
to the effects of CO (World Health Organisation, 2008; Beatty and Shimshack, 2013).   
2.9.4 Respiratory outcomes 
There is a growing debate on the effects of ambient CO on respiratory health. Matched 
against other regulated pollutants such as SO2, NO2, O3, PM (2.5 and 10) with strong 
evidence of consistent positive associations with respiratory ill health, there is scant 
literature on CO exposure and respiratory health (O’Connor et al., 2008; United States 
Environmental Protection Agency, 2010; Laumbach and Kipen, 2012). Some 
researchers have affirmed that CO is only important in regard to reduced tissue 
oxygenation leading to cardiovascular outcomes, that efforts should rather be focused 
on PM2.5 given its ability to penetrate deeper into the respiratory organs and cause 
harm (Torres-Duque et al., 2008). Arguments also exist as to the synergistic effects of 
CO and PM in disease causation. The relationship between CO and PM will be 
explored in a separate subsection.  
Results of epidemiological findings relating CO to respiratory diseases are conflicting. 
Epidemiological studies based on CO measured in the environment found positive 
associations whereas some clinical and experimental studies reported that CO has 
anti-inflammatory effects under given conditions which are health beneficial. The 
multiple birth cohort study by Beatty and Shimshack (2013) revealed that an increase 
in ambient CO levels had significant association with childhood respiratory problems.  
Hammad et al. (2010) and Sreevishnu et al. (2017) also linked passive smoking with 
respiratory symptoms (such as headache, phlegm and cough) and respiratory 
diseases (sinusitis and bronchitis). Likewise, other studies reported an increased risk 
of wheezing and chronic cough in non-smoking subjects exposed to second-hand 
smoke (SHS) (Hersoug, 2010; Zeidan et al., 2014). These findings are relevant as CO 
is a known component of cigarette smoke, and existence of the reported symptoms 
suggests possible inflammation of the respiratory tract.  However, comparison 
between the studies is problematic due to differences in sources of CO exposure and 
data, target population and study design.  
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In contrast, a time series study by Tian et al. (2013) found negative associations 
between short-term exposure to ambient CO and hospitalisations for respiratory tract 
infections in Hong Kong. Stronger negative associations were reported after 
adjustments were made for NO2 and PM10. This finding is aligned with two other time 
series studies in Shanghai (Cai et al., 2014) and Hong Kong (Tian et al., 2014) which 
suggests that exposure to CO reduces the progression of chronic obstructive 
pulmonary disease (COPD). The longitudinal panel study by Zhoa and colleagues 
further strengthened the foregoing hypothesis regarding the beneficial effects of 
ambient CO. This investigation revealed that an interquartile range increase 
(0.3mg/m3) of CO exposure had a consistent 10.6% reduction in exhaled nitric oxide 
(FeNO), a biomarker of lower respiratory tract infection (Zhoa et al., 2016). The main 
limitation to these studies is that only ambient CO measurements were taken from 
monitoring stations that might not have been representative of patients’ total CO 
exposure profile. Furthermore, the studies are not comparable as different proxies 
such as markers of airway inflammation (FeNO) and hospital admissions records were 
used, therefore making it difficult to deduce the particular outcome or stage of the 
respiratory condition.  
2.10 EXPLORING RELATIONSHIP BETWEEN CO AND PM 
Particulate matter (PM) comprises of suspended particles of varying chemical 
components and sizes (Examples include PM1.0, PM2.5 and PM10). Details of the 
chemical characteristics of PM are described by Tawabini et al. (2017). CO had been 
used as an indicator of second-hand smoke and biomass smoke in studies conducted 
in Africa and Asian continents (Naeher et al., 2001; Northcross et al., 2010; Dionisio 
et al., 2012;). Similarly to CO, PM is widely known as an indicator of both ambient and 
indoor air pollution. Cohen et al. (2017) reported attributed about 4.2 million deaths in 
2015 to ambient PM2.5.  
Some studies have adopted CO as a proxy for PM, but results have been inconsistent.  
Findings from exposure studies revealed robust associations between indoor CO and 
PM levels (Northcross et al., 2010; McCracken et al., 2013). Similarly, a longitudinal 
study by Naeher and colleagues in Guatemalan households using improved 
woodstoves, reported a significant association between CO and PM concentrations 
overtime (Naeher et al., 2001). However,  findings from exposure assessment studies 
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undertaken by Bartington et al. (2017) showed a positive moderate correlation (r = 
0.52) between CO and PM2.5 whereas Klasen and colleagues  reported a weak 
correlation between indoor CO measurements and PM (Klasen et al., 2015; Bartington 
et al., 2017).   
CO and PM also share similarities in terms of disease causation. The hypothesis by 
Donaldson and MacNee (2001) provided a basis of association between particulate 
effects on cardiovascular outcomes. The suggested mechanism was pulmonary 
inflammation caused by particulates deposited on the alveoli leading to blood 
coagulation and possible myocardial infarction in vulnerable individuals. The study by 
Miller et al. (2007) observed that a 10 µg/m3 rise in ambient PM2.5 was connected with 
about 24% chances of having a cardiovascular outcome. Similarly, an exposure study 
in China reported correlations between short term ambient CO exposure and mortality 
from coronary heart disease and cardiovascular diseases (Li et al., 2018).  
Further studies are required to provide insights into the relationship and possible 
synergistic effect between both pollutants. Indoor parameters including cooking habits 
and characteristics of kitchen environment as well as other emission sources besides 
biofuels may affect these associations (Clark et al., 2009). It is important to note that 
since both criteria pollutants contribute significantly to disease burden, no single 
pollutant may entirely substitute another.  
2.11 CARBON MONOXIDE MEASUREMENT 
CO has been measured using various techniques over the years. The objectives of 
the air monitoring study determine largely the sampling technique to be adopted. A 
reliable measurement method is vital to assess the levels of CO in a given 
environment.  
 Non-Dispersive Infrared (NDIR) spectrometric method is the reference method for CO 
measurement. This method was established by the International Standard 
Organisation (ISO) and recognised internationally as a gold standard (South African 
National Standard, 2011). NDIR analysers are the most popular devices used for 
continuous monitoring of ambient CO. They operate on the principle that CO has a 
distinctive infrared absorption spectrum, which differentiates it from other gases 
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(Dickerson and Delany, 1988; Rensburg, 2000;). With NDIR technique, carbon dioxide 
(CO2) and water vapour may interfere with CO measurement.  
The Gas Filter Correlation (GFC) technique is an improvement of the NDIR instrument. 
It operates the same principle of absorption of infrared radiation by CO molecule at a 
wavelength of about 4.7 µm (Dickerson and Delany, 1988). This analyser reduces 
interferences from CO2, water vapour and other gases to nearly negligible amounts.  
The GFC non-dispersive, infrared absorption technique is an EPA reference method 
(Rensburg, 2000).  
Gas chromatography (GC) is a more precise method for determining CO levels. 
Collected air samples are separated through a gas chromatography column where, a 
combination of methane and CO is passed through a flame ionisation detector 
(Kiminski et al., 2003). However, the complicated and bulky nature of these automated 
methods makes indoor air sampling difficult. Hence, portable exposure monitors 
(PEM) become very useful.   
2.11.1 Passive Sampling technique 
Passive sampling technology is a major innovation in air quality monitoring.  It was 
originally introduced through a registered patent by Gordon and Lowe in 1927 for CO 
measurement (Pienaar et al., 2015). This sampling procedure is used to determine air 
pollutants in ambient, occupational and indoor environments (Górecki and Namienik, 
2002). Passive sampling techniques were  first used for quantitative measurement of 
sulphur dioxide and nitrogen dioxide in 1973 (Seethapathy, Tadeusz and Li, 2008). 
Since then, there has been significant improvement in the development and use of 
passive sampling devices (PSD). 
Passive sampling techniques have been adopted in air quality studies to monitor 
criteria pollutants across South Africa. Typical examples of such air monitoring surveys 
include those conducted in the Amatole area in Eastern Cape, settlements around the 
Priority Areas and Richards Bay as well as other locations in Kwa-Zulu Natal Province 
(Department of Environmental Affairs, 2015). 
Passive samplers vary in sizes and types but have a common characteristic, which is 
the medium of analyte collection during air sampling. There are two distinct categories 
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namely; diffusion and permeation (Górecki and Namienik, 2002). This study will focus 
on diffusive passive sampling.  
2.11.1.1 Diffusion Sampling  
Diffusion samplers operate on the principles of physical diffusion. Adolf Fick first 
advanced this principle in the 19th century. Fick’s laws describe diffusion as a process 
that involves the movement of gaseous molecules from a region of high concentration 
to a region of low concentration (Hagenbjörk-Gustafsson, 2014).  
In 1973, Palmes and Gunnison produced the earliest diffusion samplers with 
mathematical equation for calculating their sampling rates (Palmes and Gunnison, 
2010). 
Gas molecules are quantitatively collected during the process by the sampler. The 
diffusion flux is proportional to the negative of the concentration gradient:  (
 dc
 dx
 )  
               𝐽 = −𝐷 𝑥 𝐴 𝑥
dc
dx
 ……….(1) (Byanju, 2012) 
Where D is the molecular diffusion, A is the sampling area.  
Passive samplers are particularly preferred for indoor and ambient monitoring because 
they are relatively cheap, portable and easy to deploy (Krupa and Legge, 2000; Yu, 
Morandib and Weisel, 2008). There are many types of diffusion samplers available for 
air monitoring, some examples are presented in Fig. 2.2  
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Figure 2.2: Samples of diffusion passive devices: a. Gradko diffusion tubes for 
sulphur dioxide1, b. SKC sampler for methanol2, c. Dräger diffusion tube for ammonia3, 
d. Radiello™ cartridge adsorbent for sampling aldehydes4  
Based on designs, diffusion samplers are classified into three types, namely tube-type, 
badge-type, and radial type samplers. In this study, the researcher opted for badge 
type samplers for air monitoring. Badge type samplers have fast sampling rates, 
require low technical demands and are easily portable and light-weight (Nash & Leith, 
2010; Salem et al., 2009). Unlike conventional pump samplers, badges do not require 
calibration, electricity or maintenance (Santis et al., 1997; Cao & Hewitt, 1991). 
Besides the ChromAir® brand of badges, other badges in the market include Ogawa 
badge, Willem badge, Krochmal and Maxxam PASS badges mostly used for NO2 and 
SO2 monitoring. More information on the properties and use of the ChromAir® badges 
is described below 
2.11.1.2 ChromAir® diffusion carbon monoxide badges  
ChromAir® diffusion carbon monoxide badges are direct-read passive monitors that 
allow users to obtain a semi-quantitative measurement of gases on site without 
laboratory delays. The user-friendly monitor is a relatively cheap alternative to air 
sampling pumps and associated technical requirements (Muller et al., 2003). This 
lightweight (11 g) sampler depends on the principle of diffusion (Morphix 
Technologies, 2017).  
                                            
1 https://www.environmental-expert.com/products/gradko-sulphur-dioxide-diffusion-tubes-189778 
2 http://www.skcinc.com/catalog/product_info.php?products_id=2308 
 
3 https://www.coleparmer.com/i/drager-diffusion-tube-ammonia-20-a-d-20-to-1500-ppm-at-1-hour/ 
4 http://www. Sigmaaldrich.com/catalog/product/supelco/rad165?lang=en& region 
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The ChromAir® diffusion carbon monoxide badges are constructed from six-cells 
attached on one side to a flat indicator layer and on the other side to series of different 
diffusive resistances which produces a colour change from light brown to brown and 
then to black. When the badge is exposed, the analyte passes through the cells and 
reacts with the indicator layer containing a certain quantity of reagent, which results in 
a change in colour (Morphix Technologies, 2017). The intensity of colour change on 
each cell corresponds to the exposure dose. The exposure dose scale is located 
adjacent to the cells, with each cell showing specific range associated with that cell 
(see Figure 2.3). 
 
 
 
 
 
 
 
 
 
Figure 2.3: ChromAir® diffusion badges (Morphix Technologies, 2017)    
The carbon monoxide badge can detect concentrations between the ranges of 10 - 
525 ppm/hr at a temperature range of 10 - 45°C, and a relative humidity range of 19 - 
85% (Morphix Technologies, 2017). To achieve best monitoring results, a colour 
comparator is used with the badge. The comparator helps to intensify the resolution 
to achieve more accurate results. 
The ChromAir® badges have a patented design which reduces the impact of weather-
related variables such as wind speed and humidity, which are known limitations of 
passive badges (Saltzman and Caplan, 1995). The badge has a recommended 
minimum sampling time of 15 minutes and a maximum time of 48 hours.  They perform 
efficiently at a relative humidity between 19% - 85% and a temperature range of 10 °C 
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– 45 °C. Several studies adopted passive samplers for monitoring air pollutants, but 
literature, where ChromAir® badges were used in studies, is scant.  
2.12 PREVIOUS CO EXPOSURE STUDIES 
Carbon monoxide monitoring has been conducted in both indoor and outdoor 
environments using various monitoring instruments and techniques. Exposure 
assessments were conducted in homes, indoor ice rinks, automobile, public spaces 
and occupational settings (Hagenbjörk-Gustafsson, 2014, Both et al., 2013). Sampling 
instruments used in CO monitoring studies range from fixed-site monitoring networks 
to portable devices.  
Studies relating to CO exposure are useful in determining its attendant health risks, 
and for evaluating the trend of exposure over time. It is important particularly in 
developing countries due to huge dependence on biomass fuel for domestic purposes 
and growing number of automobiles (Bartington et al., 2017; Mustapha et al., 2011).  
Han and Naeher (2006) in their review of vehicle-related CO emissions advance that 
the majority of high CO exposures were recorded in developing countries. This can be 
attributed to traffic congestion, low-quality fuel, poor automobile maintenance, and 
ineffective policies to curb automobile emissions (Han and Naeher, 2006; Flachsbart, 
2006). 
2.13.1 Traffic-related studies  
The majority of CO exposure studies focused on traffic-related emissions. Vehicle 
exhaust emissions are important sources of emissions. Because it occurs near ground 
level, it has a greater potential to impact the human breathing zone. 
Various studies have indicated that  about 90% of CO emissions in a city have been 
linked to traffic sources (Sathitkunarat, et al., 2006).  Mostly, the studies adopted the 
use of electrochemical sensors to record CO levels in major transport modes such as 
taxis, minibuses, metro and private cars.   
During rush hours, CO levels recorded were between 7 and 30 ppm (Duci et al., 2003; 
Gomez-Perales et al., 2004; Chan et al., 2002) in Athens, Mexico City and Guangzhou 
province of China. Other studies conducted in China and Athens reported that 
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commuters in taxis and private cars were exposed to CO levels ranging between 23.7 
ppm and 21.4 ppm (Chan et al., 2002; Han and Naeher, 2006) respectively.  
Studies by Both et al. (2013) with Duci, Chaloulakou and Spyrellis, (2003) in Jakarta 
and Athens found that private car users were exposed to almost the same CO levels 
(21.4  and 22 ppm) as public transport users. (Both et al., 2013; Duci, Chaloulakou 
and Spyrellis, 2003).  Studies in Mexico recorded high CO concentrations in minibuses 
with a mean of 16 ppm (Gómez-Perales et al., 2007) and 15 ppm for an earlier study 
performed by the author in the same city (Gómez-Perales et al., 2004).  In a similar 
study in Mexico,  Duci et al., (2003) reported 21.4 ppm CO level inside a private car.  
From the foregoing, one can deduce that the level of exposure from traffic related 
sources and the varying CO levels prevalent in different countries. This scenario is 
influenced by certain factors such as sampling duration, weather variables and 
sampling techniques amongst others.  Government efforts to combat automobile 
emission are more effective in some countries (Han and Naeher, 2006). Therefore, 
comparison of data gathered from different countries and continents is challenge 
considering that multiple and various factors influence exposure levels.  
2.13.2 Indoor air pollution studies   
Several CO exposure studies have been undertaken within indoor spaces. The huge 
dependence on biomass fuel has been established as a major contributor of domestic 
pollution in developing countries including South Africa (Oluwole et al., 2017; Torres-
Duque et al., 2008; Barnes et al., 2009). Indoor air quality studies focus on determining 
domestic CO exposure, particularly on the use of biomass and its health impacts. 
Since biomass is predominantly used for cooking, air sampling was conducted in areas 
where this activity took place. 
Studies by Bartington et al. (2017) and Klasen et al.  (2015) in different regions of 
Nepal had a one-hour peak measurement of 31 ppm and a 24-hour average range of 
9.1 to 35.1 ppm respectively.  Regardless of recorded average range, it was observed 
that for 79% of the monitoring time, CO level was within a safe range of less than 7 
ppm. Higher concentration above 50 ppm was reported in only  4% of monitoring time 
(Klasen et al., 2015). These studies focused on household CO monitoring using an 
electrochemical data logger, and health outcomes were not taken into consideration.  
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Epidemiological studies have shown high indoor CO levels during winter periods. This 
situation is linked by several authors to dependence on biomass fuel to warm living 
spaces (Barnes et al., 2009;  Shackleton, Gambiza and Jones, 2007). One of the 
earliest studies in South Africa  was undertaken by Sanyal and Maduna (2000), in a 
very low-income household suburb of the Eastern Cape Province, using an EXOTOX 
Model 75 continuous gas monitor. CO levels up to 180 and 118 mg/m3 were detected 
in the mornings and evenings during winter in the areas where biomass was used as 
a primary fuel source for cooking. Although lower concentrations were observed in the 
living rooms, and during winter afternoons, CO concentration exceeded the WHO 1-
hour and 8-hour indoor limits (Table 2.2).  
A cross-sectional study by Rollin and colleagues in the Northwest region of South 
Africa during summer, found CO values of up to 21 ppm in non-electrified households 
where wood and kerosene was used. By comparison, 12 ppm was recorded in 
kitchens in households using electricity (Rollin et al., 2004). This study supports the 
hypothesis that poor indoor air quality is related to the use of low-quality fuel. 
A related study conducted by Roasati et al. (2005) in the rural highlands of India, where 
biomass fuel is used for residential cooking,  average CO levels between 50 to 120 
ppm were recorded. The studies by Rollin and Roasati used passive samplers for CO 
measurement and average CO levels exceeded the WHO 8-hour guideline of 8.7 ppm 
(Rollin et al., 2004). Rosati found that CO levels were correlated with indicators of 
airway inflammation and decreased lung function but the respiratory health information 
of study participants were not investigated. It is logical to assume that the CO 
concentrations described by the above authors will increase during winter months due 
to greater fuel use for space heating.  
2.13 CONCLUSION 
This chapter has examined the various aspects of the research problem. Debates on 
air pollution and associated health problems have been on-going for decades. 
Epidemiological studies show that the menace of air pollution is rife in developing 
countries due to reliance on polluting fuels and inability to implement pollution control 
policies. Other notable evidence highlighted in this chapter is: 
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 South Africa has made significant improvement in air pollution control and 
management compared to other developing countries. Policy adjustments, 
collaborative research and inclusive air quality management protocols will 
engender significant reduction in atmospheric emissions and improve public 
health.  
 Everyone is at risk of the health effects of air pollution but people with existing 
respiratory problems, children and the elderly are more vulnerable.   
 The health effects of CO ranges from mild symptoms to death. Severity of 
health outcomes depends on concentration and duration of exposure.  
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CHAPTER THREE 
 RESEARCH METHODOLOGY 
3.1 INTRODUCTION  
Exposure to CO had been identified as an important public health problem. CO is listed 
among the WHO criteria pollutants (World Health Organisation, 2010). This study aims 
to establish the levels of CO in ambient and indoor air of Walmer Township and Wells 
Estate, and to determine the association between CO levels and prevalent respiratory 
outcomes. This chapter is divided into several sections and provides a detailed 
description of the quantitative methods adopted in addressing the study objectives 
outlined in section 1.4. The research methodology, ethical considerations and 
statistical analysis are discussed.   
3.2 RESEARCH METHODOLOGY 
The research methodology describes the processes involved in carrying out this 
research. It comprises two major components, namely, the research design and 
methods, which are detailed in the following subsections. 
3.2.1 Research design 
The study adopted a quantitative and analytical cross-sectional study design. Cross-
sectional studies are employed in air pollution and epidemiological studies to ascertain 
relationships between long-term exposure to air pollution and prevalence of diseases 
in a population (Khafaie et al., 2016).  
3.2.1.1 Quantitative study design  
The quantitative parameters relating to acute and chronic respiratory ill health were 
generated from the iBhayi study questionnaire. CO levels were measured using 
ChromAir® badges. Levels of carbon monoxide in ambient and indoor air were related 
to prevalent respiratory outcomes.  
The main study outcome in both townships is the CO level, which represents the 
independent variable. The dependent variables are the self-reported acute respiratory 
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symptoms and diseases, whereas the confounding variables include sex, age, 
smoking status and household sources of energy.  
3.2.1.2 Cross-sectional study 
A cross-sectional study design was adopted in order to keep costs within the defined 
budget. Cross-sectional study designs have been successfully used in several 
exposure assessment studies both within and outside South Africa (Sidhu et al., 2017; 
Mustapha et al., 2011; Gotschi et al., 2008; Wright et al., 2011). In cross-sectional 
studies, an association is established if a risk factor increases or decreases the 
incidence of disease in a population. The association between carbon monoxide levels 
and prevalent acute and chronic respiratory ill health were investigated. In addition, 
the results of the observations in households were correlated with respiratory health 
information collected under the umbrella of the iBhayi project for 2017 in which the 
researcher participated.  
The iBhayi Environment and Health Study was undertaken by the South African 
Medical Research Council (SAMRC), Nelson Mandela University and the Nelson 
Mandela Bay Municipality (NMBM) in Port Elizabeth. The objective was to track 
changes in living conditions and health status in the study sites over time, hence 
independent cross-sectional surveys are conducted on an annual basis (iBhayi 
Environment and Health Project, 2016). The Faculty of Health Sciences Post Graduate 
Research Committee of the Nelson Mandela University granted the ethics clearance 
for the study in November 2014 (reference number: H14-HEA-ENV-001). 
3.2.2 Research methods  
The research methods comprised all the processes involved in sampling and study 
data generation. This section also provides details on the study setting and population, 
data collection, processing and analysis.  
3.2.2.1 Description of study area  
Wells Estate Township and Walmer Township in Port Elizabeth were the two study 
areas. Port Elizabeth, together with the neighbouring towns of Uitenhage and 
Despatch, make up the Nelson Mandela Bay Municipality (NMBM) which has a 
population of 1, 152, 115 people (Nelson Mandela Bay Municipality, 2013). The major 
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languages spoken are isiXhosa (53%), Afrikaans (29%) and English (13%) (Statistics 
South Africa, 2014). 
Port Elizabeth has a subtropical, temperate climate that is characterised by summer 
and winter seasons; it has average temperatures of 26°C and 14°C respectively.  
There is rainfall throughout the year. The peak is in spring and autumn with a maximum 
average of 60 mm from May to September with a minimum average of 33 mm between 
December and March (Coega Development Corporation, 2000).  The area is subject 
to strong daytime winds, which may  exceed average speeds of 5.9 m/s and generate 
significant amounts of dust especially  during summer (Council for Scientific and 
Industrial Research, 2002).   
Wells Estate (-33.822239 °S, 25.6333922 °E) is located about 18.5 km away from PE 
Central. This township is adjacent to Coega and Motherwell, the latter is considered 
as the most populous black township in Port Elizabeth. Wells Estate is a resettlement 
township, built to accommodate households previously living in the Coega area before 
it was  earmarked for industrial purposes (DeMoss, 2012). Based on the South African 
2011 National Census figures, Wells Estate Township has a population of about 
18,844 people and 5, 532 households (Frith, 2011). 
Walmer Township (33.985813 °S, 25.589154 °E) is about 3.5 km from Port Elizabeth 
international airport and 7.5 km from Port Elizabeth Central. Locally it is called 
Gqebera meaning “township” in Xhosa language. The township has a population of 
about 18,821 persons and 5701 households (Frith, 2011). Walmer Township, like 
Wells Estate, is a Black African dominated area. Historically, both townships share a 
similar history in terms of how black townships emerged. The dwellings in both 
townships are similar in terms of structure and layout (DeMoss, 2012).  Both townships 
were designated by the Municipality as priority areas for government interventions 
particularly in the area of social service delivery (Nelson Mandela Bay Municipality, 
2013). The distance between the two study sites is approximately 24 km (see relative 
positions of study sites in Figure 3.1).    
The main industrial operations in and around the Coega area are manufacturing. 
Automobile manufacturing is a major driver of the metropolitan economy. However, 
other operations include brickworks, animal reduction (tanneries), waste incineration, 
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chemical processing and wood processing (Council for Scientific and Industrial 
Research, 2002; Department of Environmental Affairs, 2012) 
3.1: Satellite Map of Port Elizabeth showing relative position of study areas and 
waste disposal sites (in orange dots) (Modified from: Straton, 2016; Google Maps, 
2017) 
3.2.2.2 Pilot study  
Pilot studies are regarded as small-scale versions of the main study. The rationale for 
the pilot was to: (a) test the functionality of the ChromAir® badges; (b) to ascertain how 
the colour comparator could be used to read measurements from the badges and (c) 
to find out possible logistical constraints that may adversely impact on the data 
collection process. The questionnaire had already been piloted at the inception of the 
iBhayi Environment and Health Study in Port Elizabeth in 2015.   
The pilot for this study was conducted in Walmer Township between 5 and 7 October 
2017. Ten test badges were used: five mounted indoors and another five outdoors at 
selected households. The dwellings selected for the pilot study were not part of those 
designated for the main study. ChromAir® badges were exposed for a maximum of 48 
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hours. The corresponding dose levels were divided by 48 hours, which is the sampling 
time to obtain the average concentration in parts per million (ppm).  
Prior to the pilot study, four field assistants were trained on 2nd October 2017. The 
training covered standard protocols for administering informed consent forms and CO 
monitoring using ChromAir® badges in line with manufacturer’s standard operating 
procedures (Morphix Technologies, 2017).   
The pilot-testing provided an opportunity for both researcher and field workers to 
conduct the air monitoring first-hand, following the manufacturer’s standard operating 
procedure (SOP). Results of the pilot study indicated mean ambient and indoor CO 
levels of 10.6 ppm and 2 ppm respectively. These findings were excluded from the 
main study data analysis. Challenges encountered during the pilot testing such as 
unavailability of participants at home and logistics were given consideration in the final 
planning for the main study.  
3.2.2.3 Sampling and study population  
The study population was drawn from the iBhayi study list of dwellings, which 
comprised of 120 households from each township totalling 240 households. Selected 
study sites met criteria such as low-cost housing development and relatively low levels 
of wealth. These dwellings were originally selected from town planning maps using a 
random sampling technique. A random sample of 70 dwellings were selected for 
indoor air monitoring whereas the ambient air monitoring took place in 20 locations 
within both study areas. The study population included respondents and other 
members of the primary household on the plot. Hence, the unit of measurement is 
dwellings and households and not solely individual respondents. 
The sample size was calculated using Slovin’s formula (Dhokhikah et al., 2015) with 
a confidence interval of 95% and an estimated standard deviation of 10 units. The 
summary of the sampling distribution is as presented in Table 3.1.  
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Table 3. 1: Sampling distribution for carbon monoxide monitoring  
CO Monitoring site Wells Estate 
Walmer 
Township 
Pilot 
study 
Indoor 35 35 5 
Outdoor (ambient) 10 10 5 
Total  45 45 10 
Grand total 100 
 
3.2.2.4 Data collection 
Two instruments were used for data collection: a pre-structured questionnaire and 
ChromAir® badges. Data collection took place in May and November 2017 
respectively. Figure 3.2 showed the processes undertaken during data collection. Four 
field assistants and the student researcher made up the study team. The researcher 
worked with both teams in an alternating manner. The field workers were student 
volunteers from the Nelson Mandela University’s Environmental Health Department. 
In addition to gaining experience as emerging environmental health practitioners, they 
spoke Xhosa language and are familiar with the study sites. Details of questionnaire 
administration and CO monitoring are provided next.  
Figure 3.2: Chart showing the data collection activities  
Administration of questionnaire: The questionnaire is a research instrument 
comprising of several sections used for gathering information. The iBhayi Study 
questionnaire was intended to generate quantitative data on living conditions and 
health status in two neighbourhoods in Port Elizabeth. The iBhayi study followed a 
model adopted in similar settings in the Johannesburg Health, Environment and 
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Development (HEAD) study (Mathee, 2009). The questionnaire had been validated 
both in the HEAD and iBhayi studies.    
The questionnaire has four major sections, covering information on household socio-
demographic and economic status, housing, health and general. It comprised of 
closed and open-ended questions. Questionnaires were administered in a verbal 
question-and-answer format in which an interviewer read out the questions and 
entered participants’ responses into a mobile device to facilitate data collection and 
ensure data quality.  Questions were framed in simple language, which included pre-
set responses from which respondents selected.  
Questionnaires were administered to an available household member of at least 18 
years of age. The objectives of the study were explained to participants before their 
consent to participate was obtained. Each questionnaire interview took about 25 
minutes to complete. 
Carbon monoxide monitoring: ChromAir® diffusion carbon monoxide badges by 
Morphix Technologies, USA were used for CO measurement in selected households. 
The badge is a colourimetric direct-read monitor, which operates on the principles of 
diffusion. Standard Operating Procedure (SOP) based on the manufacturers’ 
instruction sheet was strictly followed (see Annexure 5). The rationale for adhering to 
the SOP was to ensure that team members operate in a standardised manner to 
ensure data obtained is representative and indeed comparable. Details on passive 
sampling and the ChromAir® badges were presented in sub-section 2.11. Air 
monitoring was conducted indoors and outdoors in selected households. 
Indoor air monitoring: After securing the signed consent forms from respondents, 
the following activities were undertaken indoors:  
i. Each badge was allowed to warm to room temperature before the protective 
pouch was removed. The badges were kept in cooler boxes at about 6°C to 
maintain the cold chain. The purpose of bringing the badge to room 
temperature was to ensure that no condensation forms on the badge, which 
may influence the badge performance.   
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ii. Pertinent information such as study ID code, location, date and start time was 
recorded on the label. A data logging sheet was completed with relevant 
details.   
iii. Prior to exposure, the protective strip from the measuring window was 
removed.  
iv. Badges were hung in the living room at a height of approximately two metres 
above the floor with the front side exposed to the environment. Exposure at a 
height of two metres provides a good representation of indoor air. Two metres 
falls within the approved breathing zone of between 1.5 and 4 metres for adults 
(South African National Standard, 2011). The living room was preferred for air 
sampling because household members spend more time in the living space 
(Dales et al., 2008).  
v. The recommended maximum sampling period is 48 hours. (Morphix 
Technologies, 2017).  In order to remain within the recommended sampling 
time limit, the badges were removed for at least five minutes ahead of the 48th 
hour. 
vi. The CO concentration was determined by comparing the colour formation on 
the badge with that on the colour comparator and recording the corresponding 
value in the data logging sheet. The comparator is a colour-matching tool that 
provides exposure dose readings for the colour changes within the ranges of 
the badge cells (Figure 3.3). 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3: ChromAir® colour comparator in use during data collection 
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Ambient air measurement: Ambient monitoring was conducted at ten sampling sites 
in each study area. The sampling sites were distributed across the study areas such 
that a site was placed within a cluster of the study dwellings. The ambient CO level in 
a site was taken as representative of the ambient CO of other study dwellings in that 
cluster. The badges were fastened with plastic cable ties to a stand such as the 
washing line or electricity pole outside the dwelling, and away from obstructions at an 
elevation of two metres. The washing line stand was used in most cases and 
household members were requested not to tamper with the device. In addition, 
physical changes (such as smoke or land use for cottage industries) observed in the 
environment, which may affect sampler data, were recorded in the observation sheet.  
 
Figure 3.4:  Illustration of CO monitoring process 
A: Logging data into information sheet B: Entering relevant study details on ChromAir® badge, C and 
D: Mounting the ChromAir® badge indoors E: Mounting ChromAir® badge outdoor F: Using a colour 
comparator to ascertain exposure dose and recording observed value.   
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3.2.2.5 Validity and reliability of methodology  
To ensure reliability and validity of the study methodology, the following considerations 
were made:  
a. The questionnaire was pre-tested and used in the Johannesburg Health, 
Environment and Development (HEAD) study (Mathee, 2009), updated and 
used in previous (two) years of the iBhayi study (iBhayi Environment and Health 
Project, 2016).  
b. Coordinates of sampling points including elevations were obtained using the 
global positioning system (GPS) device. 
c. An equal vertical measurement of two metres and away from obstructions was 
maintained at all sampling sites according to the South African National 
Standard (2011).  
d. To ensure uniformity in sampling height, a rope of two metres in length was 
used.  
e. The researcher ensured that the manufacturer’s standard operating procedure 
for using the ChromAir® badges was adhered to.   
f. Field assistants were adequately trained in obtaining respondents’ consent, 
questionnaire administration and the use of ChromAir® badges in air monitoring 
prior to data collection.  
g. The student researcher worked with both teams to ensure consistency in the 
data collection process. 
h. To ensure the reliability of results, a colour comparator was used to compare 
colour changes on the badge. To reduce bias in colour assessment, four field 
assistants including the researcher independently read and logged the 
observations and an arithmetic mean was then recorded as the exposure dose 
for that badge. 
3.3 CONFOUNDING VARIABLES FOR RESPIRATORY OUTCOMES 
Possible confounding variables comprised: age (in years), sex (male, female), cooking 
and indoor heating fuel (electricity, gas, paraffin and coal), level of education (no 
schooling, primary, secondary and tertiary) and income (none, ≤ R1000, R1000 –
R5000, 5001 - R10000 and > R10000). Dwelling related variables such as type of 
dwelling (formal, informal) and smokers in the dwelling (yes, no). The selection of 
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these variables were based on existing epidemiological evidence (Gordon et al., 2014; 
Shezi and Wright, 2018).  
3.4 DATA ANALYSIS  
Data were first entered and cleaned in Microsoft Excel before being exported to 
Statistica (version 13). Tables and bar charts were used for the presentation of 
univariate analyses of socio-demographic variables, distribution of respiratory 
outcomes and descriptive statistics of CO levels. Respiratory outcomes from the 
questionnaire were categorised into acute and respiratory disease/condition.  
The differences in the socio-demographic characteristics of the study sites were tested 
using the Chi-squared test to compare categorical variables and the Student’s t-test 
for the continuous variables. The Fischer exact was used where a cell had five or less 
than five observations. Corresponding p-values obtained were tabulated.  
Ambient and indoor CO levels observed in both townships were presented using bar 
charts. The difference in ambient and indoor CO levels between the townships were 
tested using the Student’s t-test.  
To investigate the associations between CO and respiratory diseases and symptoms, 
a logistic regression analysis was used. The effects of confounding variables such as 
age, household income, gender, dwelling type and educational attainment were 
assessed using multivariate regression.  
Data analyses were conducted at township level and for total study sites. Variables 
were categorised into a dichotomous format. For dependent variables, the acute 
respiratory symptoms were combined to create a variable called “acute respiratory 
symptoms (ARSs)”. Participants with three or more respiratory outcomes and those 
with less than three symptoms were coded as ‘1’ and ‘0’ respectively. Likewise, the 
presence and absence of respiratory disease/condition was coded ‘1’ and ‘0’ 
respectively. The level of significance was set at 95% confidence interval.  
The regression analyses was conducted in two phases using CO which is the main 
exposure variable. First, CO measurements were used to form dichotomous 
categories, ‘1’ (high) and ‘0’ (low) using the WHO 8-hour guideline of 8.7 ppm as cut 
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off point. Secondly, the median value of CO measurements in each township and for 
the total exposure were also used as cut off points which were classified as above. 
The rationale for using the median was to determine if associations exist between CO 
and respiratory outcomes at the levels prevalent in the sites. Hence for variables that 
are not normally distribution such as CO, the median rather than the mean was used.  
Also the use of the median to form basis for the dichotomous categorisation helps to 
avoid considerable loss in prediction efficiency with the continuous variables (Taylor 
and Yu, 2002).   
The median age of the study population was 29 years. The ages below 29 years were 
coded ‘0’ and from 29 years and above were coded ‘1’. For income, households 
earning R1000 and below were coded ‘0’, whereas those earning above R1000 were 
coded ‘1’. The dwelling types were categorised as formal dwellings which was coded 
‘1’ and informal dwellings ‘0’. Regarding type of fuel used for cooking and indoor 
heating - electricity/gas were assigned ‘1’ while ‘0’ was assigned to polluting fuels - 
paraffin/coal. For educational attainment, having secondary education was used as 
the cut-off point. Participants that attained secondary education was coded “1” and 
those without secondary education were coded “0”.  
These confounding variables were applied to a multivariate logistic regression to 
assess if the presence of these variables increase or decrease the likelihood of having 
the reported respiratory outcomes. Stepwise regression models were adopted to 
assess the associations.  Two-tailed t-test was performed using Microsoft Excel 2016 
(Microsoft Inc., US) whereas other analyses were carried out in Statistica 13 (TIBCO 
Software Inc., US). 
3.5 ETHICAL CONSIDERATIONS  
The study proposal was granted ethical approval by the Faculty of Health Sciences 
Post Graduate Studies Committee of the Nelson Mandela University in Port Elizabeth, 
South Africa in July 2017. The ethics clearance reference number is H17-HEA-ENV-
001. This study adopted the protocols of prior informed consent, privacy, anonymity 
and confidentiality of participants, which are discussed in detail below. In addition, a 
letter requesting permission to conduct research in the two study sites was forwarded 
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to the Director of Environmental Health Department at the Nelson Mandela Bay 
Municipality (see details in Annexure 3). 
Participants completed the informed consent form prior to questionnaire administration 
and CO monitoring.  Personal information and names of respondents were not 
recorded on the questionnaire and data logging sheets; instead each dwelling was 
given a unique code used for representing their information.  
3.5.1 Written informed consent  
The protocol of informed consent was adopted to ensure that respondents were willing 
to participate in the study. Members of the households were given information 
regarding the study and then issued with the consent forms prior to placement of the 
carbon monoxide ChromAir® badges on their premises (see Annexure 2 for participant 
information and consent form).  
3.5.2 Anonymity, privacy and confidentiality   
Participants were reassured that findings from the questionnaire and the air monitoring 
would be handled confidentially and that respondent names and addresses are not 
disclosed in the research findings section. Respondents were informed of their 
freedom to discontinue participation at any time during the interviews or refuse to have 
the air monitor placed in their premises without giving reasons for such decision. 
3.6 CONCLUSION 
In this chapter, the researcher outlined the research design and methodology adopted 
in the study. A cross-sectional and analytical research design was used. The research 
instrument used in data collection and measures adopted to ensure data reliability 
were highlighted. Statistical tools used in analysing and clarifying data generated from 
the study were provided. The following chapter provides the study findings and results.    
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CHAPTER FOUR  
PRESENTATION OF STUDY RESULTS 
4.1 INTRODUCTION  
This chapter presents the results of carbon monoxide monitoring in Wells Estate and 
Walmer Township. These results were generated from the CO level measured in the 
study sites as well as the respiratory health information gathered from the iBhayi study 
questionnaire. The aim of the study was to relate the CO level in the ambient and 
indoor micro-environments to the common respiratory outcomes observed in the study 
sites. Each section and the relevant subsections reflect the findings from both the 
questionnaire and the air monitoring. The study results are discussed in Chapter Five.  
4.2 RESPONSE RATE  
The study sample comprised 35 households from each township; however air 
monitoring was not completed in two households. Consequently, these cases were 
excluded from further analyses, with the final sample size equalling 68. Questionnaire 
administration and CO monitoring were completed in 34 households in each study 
site. Total household members in each township numbered 118 and 128 in Walmer 
Township and Wells Estate respectively, totalling 246 people. The overall response 
rate for both study sites was 97%.  
4.3  SOCIO-DEMOGRAPHIC PROFILE  
The study population consisted of predominantly Xhosa-speaking participants 
originating from the Eastern Cape Province, South Africa. The demographic details 
generated from the iBhayi Study questionnaire are presented in Table 4.1. 
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Table 4.1. Socio-demographic characteristics of study populations in Walmer 
Township and Wells Estate 
Variable Walmer 
Township 
Wells 
Estate 
P- value  
 n (%) n (%)  
Country of Birth N =118 N = 128 
South Africa 118 (100) 128 (100) 
Elsewhere  0 (0) 0 (0) 
Province of Birth   N = 118 N =128    p = 0.313 
Eastern Cape  33 (97) 34 (100) 
Elsewhere  1 (3) 0 (0) 
Main language spoken in 
household 
 N = 118 N =128  p = 0.313 
Xhosa 34 (100) 33 (97) 
Other  0 1 (3) 
Gender of household members   N = 118 N =128 p = 0.296 
Female  75 (64) 73 (57) 
Male  43 (36) 55 (43) 
Age range (years)  N = 118 N =128 p = 0.022 
≤ 20  31 (26) 49 (38) 
20 – 40  40 (34)    39 (31) 
40 – 60  21 (18) 27 (21) 
≥ 60  26 (22) 13 (10) 
Households with children under 
five years of age 
 N = 34 N =34 p = 0.021 
One or more children 8 (24) 16 (47) 
No children  26 (76) 18 (53) 
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Highest educational qualification 
of head of household  
N =34 N =34 p = 0.647 
None  5 (15) 3 (9) 
Primary  10 (29) 11 (32) 
Secondary  18 (53) 20 (59) 
Tertiary  1 (3) 0 (0) 
Highest educational qualification 
of household members 
 N = 118 N =128  p = 0.018 
None 15 (13) 20 (16) 
Primary school 32 (27) 50 (39) 
Secondary education  64 (54) 51 (40) 
Tertiary education   7 (6) 7 (5) 
Daily activities of head of 
household  
 N = 34 N =34 p = 0.698 
Full time job 3 (9) 4 (12) 
Part time job 3 (9) 2 (6) 
Informal job 3 (9) 1 (3) 
Unemployed  17 (50) 22 (65) 
Retired  8 (24) 5 (15) 
Daily activities of household 
members 
 N = 118 N =128  
p = 0.036 
Full time job 15 (13) 8 (8) 
Part time job 12 (10) 14 (11) 
Unemployed  48 (41) 47 (37) 
Housewife/husband  1 (1) 4 (3) 
Informal job 3 (3) 1 (1) 
Tertiary education  3 (3) 5 (4) 
School  24 (20) 35 (27) 
Crèche  0 (0) 0 (0) 
Retired  10 (8) 5 (4) 
Other  2 (2) 9 (7) 
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Household average monthly 
income  
 N = 34 N =34 p = 0.293 
None  13 (38) 15 (44) 
≤ R1000 4 (12) 4 (12) 
R1001 – R5000 13 (38) 14 (41) 
> R5001 4 (12) 1 (3) 
Households receiving a 
government grant  
 N = 34 N =34  
p = 0.720 
 
None  4 (12) 5 (15) 
Receiving at least one (includes old 
age pension, disability grant, child 
support grant) 
30 (88) 29 (85) 
Gender of house owner (n=34) (n=34)  
p = 0.536 Female 32 (94) 30 (88) 
Male and female  2 (6) 4 (12) 
4.3.1 Age 
The age distribution of household members by study sites is presented in Table 4.1.  
Approximately 15% and 32% of study households in Walmer Township and Wells 
Estate respectively, included a child under five years of age. Walmer Township had a 
greater proportion of elderly people (40% ≥ 40 years) compared to Wells Estate (31% 
≥ 40 years). Therefore, A significant difference in age distribution between the 
townships was observed (p = 0.022). This therefore means that Wells estate relative 
to Walmer Township has a relatively younger population and this has implication in 
terms of their vulnerability to CO exposure.  
4.3.2 Educational attainment  
Table 4.1 gives the level of educational achievement in the respective study sites. The 
majority of household heads had attended secondary school (Walmer Township, 53%; 
Wells Estate, 59%). Walmer Township (15%) relative to Wells Estate (9%) had more 
head of households with no form of education.   
A considerable proportion of household members achieved secondary school 
education: 54% and 40% in Walmer Township and Wells Estate respectively. The 
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distribution of educational attainment of all household members between the study 
sites showed a statistically significant difference (p = 0.018). 
4.3.3 Daily activities and occupation 
Table 4.1 shows that about 18% of household heads for the total sample were 
employed on a full- or part-time basis. A higher proportion of household heads were 
unemployed (Walmer Township, 50%; Wells Estate, 65%).  A significant difference 
was observed in daily activities of adult household members between the townships 
(p = 0.036). In addition, a 41% unemployment rate was recorded in Walmer Township 
and 37% in Wells Estate (Table 4.1). Informal or cottage industry activities undertaken 
by study populations (Walmer Township, 5%; Wells Estate, 6.3%) included making 
metal jewellery, welding, informal trading, electrical appliance repairs, scrap metal 
recycling and hair dressing. 
4.3.4 Household income excluding Government grants 
Table 4.1 showed that the proportion of households that earned between R1001 and 
R5000 was almost equal to those that had no monthly income. More households in 
Walmer Township (12%) earned above R5000 compared with Wells Estate 
households (3%).  Over half of the study households earned ≤ R1000 monthly, which 
is approximately $70 (1USD = ZAR14.21; 18/10/2018). Income distribution estimates 
from the study population showed that over 80% of households earned less than 
R5000 (USD416) monthly. Household income between study sites showed no 
statistically significant difference (p = 0.293).  In Wells Estate, 35% of households had 
money saved in the bank, compared to 29% in Walmer Township. 
4.3.5 Dependence on government grant  
Dependence on government grants was high among study households (Walmer 
Township 88%; Wells Estate 85%). The majority of grants received in Walmer 
Township were old age grants (62%), while in Wells Estate child support grants were 
most numerous (68%) (Figure. 4.1). No statistically significant difference was 
observed in the distribution of government grants between the study sites (p = 0.720) 
(see Table 4.1). 
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Figure 4.1: Distribution of government grants by study sites 
4.3.6 Household expenditure profile  
The average monthly expenditure of study households is presented in Figure 4.3. 
Participants spent most of their income on food: 38% (R1090) and 40% (R692) in 
Walmer Township and Wells Estate respectively. Other high ranking expenditures for 
Walmer Township households were transportation (9.3%) and debt repayment (8.4%). 
For Wells Estate, schooling (13.3%) and transportation costs (12.6%) followed that of 
food.   
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Figure 4.2: Average monthly expenditure profile of study households  
4.3.7 Household energy sources 
The majority of study households in Walmer Township (97%) and Wells Estate (94%) 
used electricity for cooking. Electricity was the only means for boiling water (100%). 
For indoor space heating, participants used a mix of energy sources.  
Table 4.2: Household energy options used by study population 
 
Energy options 
Walmer Township n (%) Wells Estate n (%) 
Cooking 
 
Boiling 
water 
Indoor 
heating 
Cooking 
 
Boiling 
water 
Indoor 
heating 
Electricity   33 (97) 34 (100) 10 (29) 32 (94) 34 (100) 9 (26) 
Paraffin  1 (3) 0 12 (35) 1 (3) 0 10 (29) 
Gas  0 0 0 1 (3) 0 1 (3) 
Coal  0 0 1 (3) 0 0 0 
None  0 0 11 (32) 0 0 14 (41) 
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4.3.8 Household composition 
Table 4.1 shows that dwelling owners were mostly females (Walmer Township, 94%; 
Wells Estate, 88%). In Walmer Township, the number of household members ranged 
from 1 to 9 per household. Household members have occupied their dwellings for a 
range of 5 to 77 years (Table 4.3). In Wells Estate, a household consisted of 1 to 10 
members. The duration of household occupancy in their dwellings ranged from 6 
months to 17 years.  
Overcrowding in dwellings was identified as a major problem by respondents (Walmer 
Township, 15%; Wells Estate, 21%) (Figure 4.3). The age of dwellings, and length of 
stay  was significantly higher in Walmer Township compared to Wells Estate (p < 
0.001) (Table 4.3). Besides the main household which was the focus of the study, 
Walmer Township had more separate households on the same plot relative to Wells 
Estate; hence a significant difference was observed (p = 0.006). The majority of study 
dwellings (Walmer Township, 88%; Wells Estate, 65%) were formal houses built by 
professional builders. Distribution of self-built formal and Reconstruction and 
Development Programme (RDP) houses were equal, i.e. 15% for each study area. 
None of the study dwellings in Walmer Township were informal dwellings whereas in 
Wells Estate, 6% of dwellings were informal structures. 
 Table 4.3: Dwelling-related variables in study households  
Dwelling-related 
variables 
Walmer Township Wells Estate  
P - value 
Mean (SD) Range Mean (SD) Range 
Number of people in main 
household 
3.5 (2.01) 
 
1 – 9 
 
3.9 (2.39) 
 
1 – 10 
 
p = 0.478 
Number of separate 
rooms  
4.7 (1.34) 
 
1 -7 
 
4.7 (0.79) 
 
1 – 5 
 
p = 0.912 
Length of stay in dwelling 
(in years) 
34.6 (22.40) 5 - 77 12.9 (3.83) 0.5 - 17 p < 0.001 
Age of house (in years) 43.7 (32.24) 9 -152 13.2 (2.61) 4 - 17 p < 0.001 
Total number of people 
living on plot 5.1 (2.87) 1 - 13 4.9 (2.5) 2 -12 
 
p = 0.719 
Number of separate 
dwellings on plot 2.2 (1.6) 1 - 6  1.35 (0.73) 1 - 4 
 
p = 0.006 
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4.4  DWELLING AND NEIGHBOURHOOD RELATED FACTORS 
Participants were asked to rate their perceptions of selected aspects of their dwelling 
and neighbourhood using three options, namely: not a problem, moderate problem 
and major problem. Factors identified as major problems by study site are shown in 
Figure 4.3. The most important problems in Walmer Township were: dust inside 
dwellings (97%), cracks in walls (47%) and dampness in the building (44%).  
In Wells Estate, major concerns reported included: dust in the house (68%), dampness 
in the dwelling (56%) and mould (50%). Respondents attributed the dust problems to 
unpaved roads within the townships. Odour (Walmer Township, 21%; Wells Estate, 
32%) and air pollution (Walmer Township, 21%; Wells Estate, 47%) were also reported 
as major problems in the both neighbourhoods.  About 6% of households in Walmer 
Township and 12% Wells Estate had at least one person who smoked inside the 
dwelling. The most common type of tobacco was cigarette (83%) followed by pipe 
tobacco. 
Figure 4.3: Dwelling-related issues perceived as major problems by study 
respondents 
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4.5 RESPIRATORY HEALTH INFORMATION  
The respiratory health information of study participants were classified as: acute 
respiratory symptoms and respiratory diseases/conditions. The reason was to 
correlate each category of outcomes with CO levels and explore the strength of the 
relationship between specific and grouped respiratory outcomes.  
4.5.1 Acute respiratory symptoms  
Participants identified acute respiratory symptoms observed among household 
members using a two weeks recall period. Wheezing was reported using a 12 month 
recall period. The reported symptoms for Walmer Township (n=117) and Wells Estate 
(n=128) are presented in Figure 4.4.  
Fever and chills were the most prevalent in both study sites (Walmer Township, 31%; 
Wells Estate, 34%). Headache (22%) and dry cough (21%) were common in Walmer 
Township. Other frequent symptoms in Wells Estate included runny nose or blocked 
nose (21%) and sneezing (19%). In Walmer Township, wheezing was high (13%) 
relative to Wells Estate (6%) with households reporting one or more episodes in the 
past 12 months. The frequency of acute symptoms at household level appeared 
similar between the study sites (p =0.904).   
Figure 4.4: Acute respiratory symptoms reported in study households  
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4.4.2 Respiratory diseases/conditions 
The prevalence of diagnosed or treated respiratory diseases in the study sites are 
presented in Figure 4.5. Tuberculosis (12%) in Walmer Township had the highest 
occurrence and was the most predominant respiratory disease reported in the study 
sites.  The frequency of tuberculosis in households was slightly higher among males 
(n=11; 55%) than females (n=10; 45%) in both study sites. 
Both townships (Walmer Township, 5%; Wells Estate, 6%) had almost equal 
occurrences in reported asthma cases. Asthma and tuberculosis were common 
among the elderly population (above 55 years). The incidence of asthma was high in 
Wells Estate relative to Walmer Township. The majority (57%) of participants 
diagnosed with asthma were > 40 years of age whereas 36% of asthmatic patients in 
study population were < 20 years of age.  
 
Figure 4.5: Diagnosed or treated respiratory diseases/conditions reported by 
participants   
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4. 6 OBSERVATIONS FROM CO MONITORING  
4.6.1 Ambient CO measurement   
Descriptive statistics for ambient CO levels measured in both townships are presented 
in Table 4.4. The median CO levels for all the samples was 7.71 (SD 2.43) with a 
range of 5.00 to 12.92 ppm. CO levels recorded in both townships varied slightly: 
Walmer Township 6.15 (SD 3.24); and Wells Estate 7.94 (SD 1.22). The highest 
ambient CO measurement (12.92 ppm) was recorded in Walmer Township. The 
difference in CO levels between the study sites was not statistically significant (p = 
0.59). Distribution of CO levels across the sampling sites are shown in Figure 4.6. 
 Table 4.4: Descriptive statistics of ambient CO levels recorded in study sites 
  
 
 
 
 
 
 
 
Ambient measurements 
Walmer 
Township 
Wells Estate 
 
Total Sample 
 
Mean (x̄) 7.74 8.34 8.02 
Standard deviation (SD) 3.24 1.22 2.43 
Median 6.15 7.94 7.71 
Min 5.00 7.00 5.00 
Max 12.92 10.00 12.92 
Range 5.00 -12.92 7.00 -10.00 5.00 -12.92 
% concentrations > the 
WHO 8-hour guideline of 
8.7 ppm 
40 40 40 
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 Figure 4.6: Ambient CO levels recorded over 48 hours in study sites 
4.6.2 Indoor CO measurement  
Table 4.6 shows indoor CO levels measured using ChromAir® badges in both 
townships over a time period of 48 hours. The maximum CO levels recorded in Walmer 
Township and Wells Estate were 2.88 and 7.92 ppm. The total sample median was 
0.28 (SD 1.23) ppm. Average indoor CO levels in Walmer Township were 
approximately twice the levels in Wells Estate. The Chromair® badges could not detect 
CO levels beyond the detection limit which is 0.21 ppm. 
The distribution of indoor CO concentrations is presented in Figure 4.5. The class 
arrangement was based on quartiles which allowed for easy comparison between 
sites. About 58% of dwellings in Walmer recorded indoor CO levels below the total 
sample median (0.28 ppm) whereas households in Wells Estate had the same 
proportion above the total sample median. There is no evidence that the average 
indoor CO levels at Walmer Township and Well Estate differed significantly (p = 0.16).   
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Table 4.5: Descriptive statistics of indoor CO levels in study sites 
Indoor measurements Walmer Township Wells Estate Total sample 
Mean 0.46 0.89 0.68 
Standard deviation (SD) 0.63 1.5 1.23 
Median 0.26 0.31 0.28 
Min ND ND  ND 
Max 2.88 7.92 7.92 
Range ND - 2.88 ND - 7.92 ND – 7.92 
% concentrations ≥ 
WHO indoor 24-hour 
guideline of 6.1 ppm 
0 3% 1.5% 
*ND = not detected.  
  Figure 4.7: Range of indoor CO levels in study dwellings 
4.6.3 Total CO measurement in study sites 
The total CO profile consisted of the ambient and indoor CO levels measured per 
township. Concentrations exceeding the median CO values and the WHO 8-hour 
guideline of 8.7 ppm were ascertained to further describe the distribution of CO levels 
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per study site and for the total sample. Based on the median values recorded per 
township, the distribution of CO levels in the township are presented in Table 4.6.  
The median values of the total CO measurements were used to generate dichotomous 
variables of “low” (< 0.42 ppm) and “high” (≥ 0.42 ppm). The distribution of CO levels 
in households based on these categories was aligned with selected socio-
demographic variables and presented in Table 4.7. 
 
Table 4.6: Descriptive statistics of total CO measurements in study sites 
Total CO measurements  Walmer 
Township 
Wells Estate Total sample 
Mean 2.68 3.20 2.94 
Standard deviation (SD) 4.04 3.89 3.97 
Median 0.34 0.54 0.42 
Min ND ND ND 
Max 13.68 10.31 12.00 
Range ND - 13.68 ND - 10.31 ND -13.68 
% concentrations > the 
WHO 8-hour guideline of 
8.7 ppm 
12% 15% 13% 
% concentrations ≥ the 
median 
38% 53% 46% 
* ND = not detected 
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Table 4.7: Distribution of CO levels based on selected socio-demographic 
variables using a dichotomous model  
 
4.7  RELATING AMBIENT AND INDOOR CO LEVELS IN STUDY SITES  
To explore the relationship between ambient and indoor CO levels per study site, 
observed ambient CO levels were compared with the indoor CO levels of the study 
dwellings closest to each of the ambient sampling sites.  
Data showed that ambient CO levels were considerably higher than indoor CO levels 
in Walmer Township (Figure 4.8) and Wells Estate (Figure 4.9) respectively; results 
 
Prevalence in 
Walmer Township 
Prevalence in  
Wells Estate 
Prevalence in 
Total sample  
Variables  
Low  
N (%) 
High 
N (%) 
Low  
N (%) 
High  
N (%) 
Low  
N (%) 
High  
N (%) 
Household with 
Children ≤ 5 years 
2 (25) 6 (75) 
 
5 (31) 
 
 
11 (69) 
 
7 (29) 
 
17 (71) 
Household with people  
> 60 years of age 
 
11 (55) 
 
9 (45) 
 
4 (40) 
 
6 (60) 
 
15 (50) 
 
15 (50) 
Dwelling with cottage 
industry on the plot 
 
1 (25) 
 
3 (75) 
 
3 (37) 
 
5(63) 
 
4 (37) 
 
8 (67) 
Household receiving 
government grant  
 
18 (58) 
 
13 (42) 
 
13 (43) 
 
17(57) 
 
31 (51) 
 
30 (49) 
Households earning 
below the average 
income of R1000 
9 (60) 6 (40) 6 (30) 14 (70) 15 (43) 20 (57) 
Overcrowded dwellings  
  
4 (50) 4 (50) 4 (36) 7 (64) 8 (44) 11 (57) 
Dwellings with cracks 
in the wall  
12(46) 14(54) 12(46) 14(26) 24(46) 28(54) 
HH with smokers (one 
or more) 
3(50) 
 
3(50) 
 
6(40) 
 
9(60) 
 
9(43) 
 
12(57) 
 
63 
 
from the univariate analysis showed that in both study sites this difference was 
statistically significant (p < 0.0001). 
Figure 4.8: Comparison of ambient with indoor CO levels of Walmer Township 
 
Figure 4.9: Comparison of ambient with indoor CO levels of Wells Estate  
A comparison of the ambient and indoor CO levels in Walmer Township and Wells 
Estate showed no significant difference (p = 0.59 and p = 0.16) respectively.  
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Figure 4.10: Ambient and indoor CO levels in the study sites 
4.8  BIVARIATE ANALYSIS 
A logistic bivariate analysis was performed to explore the relationships between 
individual respiratory outcomes and CO levels as well as other risks factors. For CO 
which is the major exposure variable, analyses were performed using the WHO 8-hour 
guideline of 8.7 ppm and the median for the total sample of 0.42 ppm as cut-off points. 
The precision interval was set at 95% confidence interval (CI). Results from the 
bivariate analyses are presented in Table 4.8. The table presents p-values, crude odds 
ratios and their corresponding 95% confidence intervals.  
The table shows that CO levels above 8.7 ppm were not associated with acute 
respiratory symptom (ARS), p= 0.370. Using the median value, a significant positive 
association was observed (OR = 1.846: 95% CI: 1.024 - 3.327). Stratification of 
bivariate analyses at the township level revealed a higher OR in Walmer Township 
(OR = 4.737).  This indicated that at CO levels slightly below 0.42 ppm, there are 
higher odds of people presenting acute respiratory symptoms. Wet cough and 
sneezing had positive associations with CO, however, wet cough showed significant 
association (OR = 8.378; 95% CI: 1.769 - 39.669). The relatively wide CI could be 
attributed to the low sample size of participants having wet cough (n=12%) in Walmer 
Township. Asthma, bronchitis, pneumonia and tuberculosis did not show associations 
in the townships or the total CO measurement.    
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Table 4.8: Unadjusted estimates of association between CO levels and respiratory outcomes  
Outcomes  Walmer Township  Wells Estate  Total  
P-value  Crude OR 
 (95% CI) 
P- value  Crude OR 
 (95% CI) 
Respiratory 
outcome      
n (%) 
P-value  Crude OR 
 (95% CI) 
CO level (≥ 8.7 ppm) 
Acute respiratory 
symptoms 
0.392 0.505 
(0.105 - 2.443) 
0.478 0.708 
(0.271 - 1.854) 
94 (38.2) 0.370 0.694 
(0.312 - 1.547) 
Asthma 0.766 1.40 
(0.149 - 13.178) 
0.516 2.032 
(0.235 -17.61) 
14 (5.7) 0.746 0.776 
(0.166 - 3.629) 
Bronchitis 0.998 5.51E-12 
(0) 
- - 4 (1.6) 0 4.12E-10 
(0) 
Pneumonia - - 0.999 2.6E -11 
(0) 
4 (1.6) 0.692 1.587 
(0.159 - 15.814) 
Tuberculosis 0.513 0.495 
(0.058 - 4.172) 
0.184 0.596 
(0.596- 13.91) 
21 (8.5) 0.843 1.122 
(0.356 - 3.538) 
 
Outcomes 
 
CO level (≥ 0.34 ppm) 
                                                               
CO level (≥ 0.54 ppm) 
                                                                                                                                                                                                  
C                 CO level (≥ 0.42 ppm) 
Acute respiratory 
symptoms  
*0.002 4.737 
(1.720 - 13.043) 
0.657 1.244                       
(0.470 - 3.290) 
94 (38.2) *0.040 1.846                          
(1.025 - 3.327)           
Asthma  0.966 1.036 
(0.196 - 5.482) 
0.950 1.033             
(0.241- 4.426) 
14 (5.7) 0.778 0.856                   
(0.534 - 5.105) 
Bronchitis  0.973 1.036 
(0.137 - 7.832) 
- - 4 (1.6) 0.883 0.862                   
(0.118 - 6.281) 
Pneumonia  - - 0.347 3.000                
(0.297 - 30.300) 
4 (1.6) 0.406 2.627                    
(0.267 - 25.913) 
Tuberculosis  0.617 0.50                        
(0.240 - 2.340) 
0.730 1.311              
(0.277 - 6.202) 
21 (8.5) 0.303 0.622                    
(0.251 -1.542) 
      * Significant associations at p <0.050,   “-“shows no reported cases of disease in the study site  
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Table 4.8 shows independent variables having associations with respiratory 
outcomes. Cooking with electricity or gas (OR = 0.159), income above R1000 (OR = 
0.319) and formal dwellings types (OR = 0.095) were negatively associated with 
asthma and bronchitis, hence lowered the risk of the outcomes in the study sites. 
However, the association between income and asthma was insignificant since the 95% 
CI contains the null value (which is 1). The results show that having secondary 
education (OR = 0.237; 95% CI: 0.061- 0.923) and living in formal dwellings (OR = 
0.117; 95% CI: 0.015 - 0.933) significantly reduced the risks of having tuberculosis. In 
the total sample, participants aged 29 years and above were six times more likely to 
have tuberculosis than those below the age.  
Table 4.9: Risk factors having significant associations with specific outcomes 
Variable  Respiratory 
outcome 
 
Respiratory 
outcome     
n (%) 
P-value Crude OR 95% CI 
Cooking with 
Electricity/ gas 
Asthma 14 (5.7) 0.034 0.159 0.029 - 0.881 
Income > R1000 Asthma 14 (5.7) 0.059 0.319 0.090 - 1.054 
Formal dwelling  Bronchitis 4 (1.6) 0.022 0.095 0.012  - 0.716 
Age ≥ 29 years Tuberculosis  21 (8.5) 0.005 6.053 1.723 - 21.258 
 
4.9  MULTIVARIATE ANALYSIS  
Stepwise regression models were used to ascertain the effects of the confounding 
variables on the outcome. The level of significance was set at α < 0.05. CO level which 
is the main exposure variable was included in the model for each outcome irrespective 
of the p-value in the bivariate analyses. The adjusted ORs were obtained for variables 
entered in each model. Important details of the analyses are presented below. 
4.9.1 Acute respiratory symptoms  
CO levels at 8.7 ppm and above were modelled with age. From Table 4.8, both 
variables returned with no statistically significant relationship with acute respiratory 
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symptoms. In another model, it was observed that people exposed to CO levels from 
the median levels of 0.42 ppm have higher likelihood of developing acute respiratory 
symptoms. When stratified at the symptom level, only wet cough was significantly 
associated with CO exposure at 0.34 ppm and remained significant (AOR 8.487; 95% 
CI: 1.780 - 40.475) after adjusting for age. The data shows that age was not 
significantly associated with having acute respiratory symptoms in the study sites.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
Table 4.10: Adjusted ORs for acute respiratory symptoms, CO and independent 
variables 
*Significant associations at p <0.050 
4.9.2 Asthma  
Three variables included in this model were CO level, household cooking fuel and 
household income. CO recorded no significant associations in this model. Using 
electricity to cook and income above R1000 decreased asthma prevalence among the 
sampled population. The p-value and adjusted OR are shown in Table 4.10.  
 
Variable p-value Adjusted OR 95% CI 
CO level (≥ 8.7 ppm) 
CO concentration 
> 8.7 ppm 
0.397 0.708 0.317 - 1.581 
Age ≥ 29 years 0.556 1.187 0.670 - 2.105 
CO level (≥ 0.42 ppm) 
CO concentration  
≥ 0.42 ppm  
*0.009 2.286 1.220 - 4.283 
Cooking with 
electricity/gas 
*0.033 0.179 0.037 - 0.874 
Income > R1000 *0.038 0.522 0.282 – 0.967 
Age ≥ 29 years  0.408 0.780 0.432 - 1.408 
Age ≤ 5 years  0.632 0.788 0.295 - 2.101 
Age 60 ≥ years  0.336 0.650 0.269 - 1.569 
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Table 4.11: Adjusted ORs for asthma, CO and risk factors 
Variable P-value Adjusted OR 95% CI 
CO concentration 
≥ 8.7 ppm  
0.797 0.123 0.246 - 6.129 
CO concentration 
≥ 0.42 ppm 
0.739 0.045 0.005 - 0.402 
Cooking with 
electricity/gas 
*0.005 0.046 0. 005 - 0.915 
Income > R1000 *0.022 0.163 0.034 - 0.779 
*Significant associations at p <0.050 
4.9.3 Bronchitis  
Variables applied to this model were CO level and formal dwelling. The table below 
indicates that CO levels at 8.7 ppm and 0.42 ppm were not associated with bronchitis 
in the sampled population. Living in formal dwellings significantly reduced the risk of 
having bronchitis among study participants in Walmer Township and Wells Estate. 
Table 4.12: Adjusted ORs for bronchitis, CO and formal dwelling 
Variable P-value Adjusted OR 95% CI 
CO concentration > 
8.7 ppm 
0 0.0 0 
CO concentration ≥ 
0.42 ppm 
0.648 0.862 0.118 - 6.281 
Formal dwelling *0.021 0.095 0.013 - 0.717 
*Significant associations at p <0.050 
4.9.4 Pneumonia   
From the bivariate analyses, no association was observed between pneumonia, CO 
and other independent variables (Table 4.12). But based on literature, variables such 
as age (including the median and vulnerable ages of below five and above 60 years 
of age), income and cooking fuel were used to adjust the model in a stepwise manner. 
No significant association was noted. The results could be credited to the few reported 
cases of pneumonia among study participants (n = 3%).  
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Table 4.13: Adjusted ORs for pneumonia and CO levels  
Variable P-value Adjusted OR 95% CI 
CO concentration ≥ 
8.7 ppm 
0 0.0 0 
CO concentration ≥  
0.42 ppm  
0.333 3.103 0.309 - 31.107 
4.9.5 Tuberculosis  
CO levels and age were modelled with tuberculosis. CO concentration was not 
associated with having tuberculosis. The adjusted model revealed that participants 
aged 29 years and above had increased odds of having tuberculosis relative to those 
below this age. Results from the model are presented in Table 4.13 with their adjusted 
ORs.  
Table 4.14: Adjusted ORs for tuberculosis, CO and age  
Variable P-value Adjusted OR 95% CI 
CO concentration ≥ 
8.7 ppm 
0.518 1.489 0.442 - 5.012 
CO concentration ≥ 
0.42 
0.408 0.676 0.266 - 1.720 
Age ≥ 29 years *0.005 5.837 1.654 - 20.596 
 *Significant associations at p <0.050 
4.10 CONCLUSION 
In this chapter, the student researcher presented the socio-demographic, economic 
and dwelling related variables of the study population. Ambient and indoor CO levels 
recorded in Walmer Township were similar to those of Wells Estate. However, there 
was significant variations between ambient and indoor CO levels in each study site. 
Significant associations were observed in the regression models between CO and 
respiratory outcomes using the median CO level as cut off point relative to using the 
WHO guideline of 8.7 ppm.  The next chapter will focus on discussing the results and 
relating the findings with existing epidemiological evidence 
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CHAPTER FIVE 
DISCUSSION OF FINDINGS  
5.1 INTRODUCTION  
CO exposure is a public health concern worldwide. This chapter will discuss some of 
the resultant health concerns traceable to CO exposure in Walmer Township and 
Wells Estate. Exposure to CO has been shown to predispose people of all ages 
including at the foetal stage to deleterious health effects.  The overall study objective 
was to determine ambient and indoor CO level in the two study sites. 
Ambient and indoor CO measurements in each site and between the sites were 
compared. The associations between selected risk factors and CO concentration, as 
well as CO concentration and respiratory outcomes reported by study participants, 
were explored. The associations between CO levels and prevalent respiratory 
outcomes were considered from the perspective that CO, even at levels below 
international guidelines may induce adverse health effects. In all, the chapter 
highlights the significant findings in line with the study objectives as given in sub-
section 1.4.  
5.2 CO EXPOSURE LEVELS AND GUIDELINE 
The first research objective was to examine household exposure to CO relative to the 
WHO and available national guidelines. The WHO 8-hour guideline of 8.7 ppm (10 
mg/m3) is the same as the South African National Ambient Air Quality Standard for CO 
(Department of Environmental Affairs and Tourism, 2009). The country’s indoor air 
quality guidelines are yet to be promulgated, therefore the WHO 24-hour indoor 
guideline of 6.1 ppm was applied as the benchmark (Shezi and Wright, 2018). 
5.2.1  Ambient CO levels   
The results indicate slight variations in the distribution of ambient CO between the 
study sites (Walmer Township, 6.15 ppm (SD 3.24); Wells Estate, 7.94 ppm (SD 1.22). 
The differences were not statistically significant (p = 0.59).  
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The intra-site variations in CO distribution can be explained by unstable atmospheric 
conditions in the area and potential pollutant sources. Port Elizabeth as described in 
sub-section 3.2.2.1 is predisposed to windy conditions. It is possible that wind may 
have influenced the distribution and concentration of CO in ambient air in Walmer 
Township and Wells Estate. Literature has shown that wind has a dilution effect on 
pollutant concentrations; specifically, high wind speeds lead to a decrease in pollutant 
levels (Hang et al., 2017). The very windy conditions in Port Elizabeth may therefore 
have influenced the variability of the CO measurements.  
The majority (60%) of ambient sampling sites had CO levels below the WHO guideline 
level of 8.7 ppm. However, the mean concentration for the total sample (both study 
sites) of 8.02 ppm was just below the 8-hour WHO guideline of 8.7 ppm.  
The 48-hour monitoring period adopted in this study, provided a time weighted 
average of CO level over a longer period of time thus presenting an accumulated 
exposure level representative of various times of the day. Nevertheless, the findings 
indicate that average ambient CO levels in the townships were below the regulated 
limit.  
The CO level obtained in this study falls within 1.74 to 25.74 ppm recorded in the 
industrialised South Durban Basin using a continuous monitor over a 24-hour period 
(Buthelezi and Davis, 2015). Another study in Pretoria West recorded CO levels of 
approximately 530 ppm for 8-hour averaging time (Morakinyo et al., 2017). The higher 
values reported in the Pretoria West study were most likely due to the proximity of the 
community to coal-fired power stations and other industries. Comparison of these 
results to ours is difficult, since CO measurement was done with continuous monitors 
or using data from monitoring stations. 
There is a scarcity of similar CO exposure studies in South Africa where passive 
monitors are used to measure both ambient CO and levels in dwellings with which to 
compare study findings.     
Higher CO values were recorded in households using biofuels compared with those 
measured in the present study. For example Kilabuko and colleagues reported a mean 
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of 16 ppm in a Tanzanian community which exceeds the WHO 8-hour guideline of 8.7 
ppm (Kilabuko, Matsuki, and Nakai, 2007).  
5.2.2  Indoor CO levels 
In general, indoor CO levels in both townships were low. The maximum value was 
7.92 ppm and the median of the total indoor measurement was 0.28 ppm. Walmer 
Township recorded low values relative to Wells Estate, having maxima of 2.88 ppm 
and 7.92 ppm, respectively. The majority of sampled households (Walmer Township, 
100%; Wells Estate, 97%) did not exceed the WHO 24-hour indoor guideline for CO 
of 6.1 ppm (Table 4.6). This suggests relatively low CO exposure in indoor spaces in 
the current study dwellings. Dwellings with average CO levels above 3 ppm tended to 
use paraffin for cooking, or had household members who smoked indoors.  
The indoor CO levels recorded in this study relates well with those of similar studies 
undertaken in households where electricity was predominantly used. A study in the 
North West Province reported maximum CO level of 11.8 ppm (Rollin et al., 2004). 
Sanyal and Maduna observed relatively high levels of 12.5 to 28.1 ppm in living rooms 
of electrified households in a rural Eastern Cape community (Sanyal and Maduna, 
2000). 
On the other hand, higher values relative to those found in this study were reported in 
households using biofuels for cooking. Barnes’ intervention study in two rural villages 
in North West Province recorded ranges up to 25 ppm around the cooking stand 
(Barnes, 2008). Similarly, in a rural Zimbabwean village, Rumchev et al. (2007) 
reported ranges of 8.6 to 51. 5 ppm in kitchen areas. Another study with relatively 
lower CO levels recorded a range of 0.2 to 24.6 ppm in Malawian homes using 
biomass fuel (Fullerton et al., 2009). These studies had CO levels exceeding the WHO 
24-hour guideline of 6.1 ppm. Also, these CO ranges cannot be compared with that 
determined in the present study due to methodological differences.  
The relatively low indoor CO levels determined in the current study are most likely 
attributable to high levels of usage of electricity for daily cooking and other household 
activities. Over 94% of study households used electricity for cooking compared with 
the Eastern Cape provincial average level of 77% (Statistics South Africa, 2016). The 
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use of electricity is known to significantly reduce household exposure to air pollution. 
(Albers et al., 2015; Barnes et al., 2009).  
The comparatively low CO readings may also be due to the season in which the 
readings were done. The study was undertaken during spring, hence observations 
from CO monitoring excludes emissions from indoor space heating devices using 
polluting fuels. Studies have shown that indoor air pollutant levels increase in winter 
due to the use of polluting fuels for space warming (Shackleton et al., 2007). Thus, 
recording higher CO levels within the indoor spaces of study dwellings during winter 
is a possibility. Finally, though the level of household exposure in the study sites is 
lower than international guideline limits, Schlenker and Walker (2016) and Andersen 
et al. (2007) found associations between CO and respiratory ill health at levels below 
the current guidelines, which supports the argument that the existing guidelines are 
inadequate to protect public health. 
5.2.3 Comparing 48-hour measurement with WHO guidelines  
The WHO guidelines are recommended for shorter measurement periods (24 hour 
and 8 hours). Air monitoring with the WHO shorter measurement period is well suited 
for occupational environment using continuous monitors which gives real-time 
pollutant measurement. In environments with low pollutant concentration, extended air 
monitoring is recommended. The use of a passive device provides a fair and 
representative average of household exposure to CO over 48 hours. The 48 hours 
measurement period used in this study provided an integrated cumulative average of 
CO concentration in study dwellings covering period when majority of household 
activities including cooking and smoking are undertaken. Therefore, the implication in 
comparison with shorter WHO guidelines is that a 48-hour average is more robust and 
may not have significant variations from the average value of an 8-hour or 24-hour 
exposure.  Also, the manufacturer’s instructions accommodate for a 48-hour sampling 
period (Morphix Technologies, 2017). The findings provides baseline for a 
comprehensive air quality assessment in the area.   
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5.3 AMBIENT VERSUS INDOOR CO LEVELS 
The second study objective was to compare ambient and indoor CO levels in each 
township. Figures 4.8 and 4.9 showed that a statistically significant difference existed 
between ambient and indoor CO levels in the study sites (p < 0.0001). The mean 
ambient CO level was higher than the indoor mean in each study area. In Walmer 
Township, the indoor and outdoor mean was 0.46 ppm compared with 7.74 ppm, and 
0.89 ppm compared to 8.34 ppm for Wells Estate. The higher ambient levels observed 
in both study sites suggests the existence of more or significant CO sources in the 
ambient environment compared with the indoor environment.  
Human activities in a given environment may influence CO exposure. This could be a 
reason for the high CO levels in indoor environment of some dwellings relative to 
others. From Table 4.3, a significant difference was observed in the number of 
separate households living on a plot (p = 0.006) apart from the main household. 
Walmer Township recorded the highest (range = 1 to 6) in relation to Wells Estate 
(range = 1 to 4). The majority of the additional dwellings in Walmer Township are 
informal structures that may be using polluting fuels for cooking. The focus of this study 
is the primary household on the plot. The researcher observed that the main entrances 
of some dwellings were left open for a part of the day. Such practices may facilitate 
the intrusion of outdoor pollutants into the indoor environment. CO is heavier than air 
and may build up in indoor spaces (Centres for Diseases Control and Prevention, 
2017). It has been reported that ambient pollutant concentrations increases indoor 
pollutant levels (Khalequzzaman et al., 2007).  
Elevated indoor CO concentrations may dissipate into the ambient environment; this 
is unlikely to be the case in the current study sites. This can be supported by Fick’s 
first law of diffusion described earlier (in subsection 2.11.1.1) which states that 
molecules move from the region of higher concentration to that of lower concentration 
(Hagenbjörk-Gustafsson, 2014). Based on the foregoing and the predominant use of 
electricity for residential cooking, the dissipation of indoor CO into the outdoor space 
may not contribute significantly to high ambient CO levels. Factors contributing to high 
ambient CO levels in the study sites are subsequently discussed.  
75 
 
5.3.1 FACTORS CONTRIBUTING TO CO EXPOSURE IN STUDY SITES  
The study explored factors contributing to CO exposure and its impact on the health 
of households particularly respiratory outcomes. These factors are inter-related but 
generally classified into three broad categories namely: social, physical and biological 
factors as shown in Figure 5.1. 
 Social factors 
CO exposure from cottage industries and small businesses. The level of 
unemployment in both townships (Table 4.1) exceeded the national (28%) and 
provincial (34%) averages (Statistics South Africa, 2017). To meet basic household 
requirements for food and transport, some household members operated cottage 
industries (Walmer Township, 5%; Wells Estate, 6.3%) on their plots. The use of fuels 
such as firewood and paraffin for businesses like frying chips or cooking of other foods 
predisposed household members and other households in the vicinity to relatively high 
CO levels. Table 4.6 shows that 67% of households with cottage industries were 
exposed to high CO levels. Smoke from such fuels was reported as a major source of 
household CO exposure which in turn led to mortality from respiratory diseases 
(Fullerton et al., 2009; Gordon et al., 2014). 
The role of socio-economic status on exposure to CO levels. It has been reported that 
low economic status, as indicated by income levels, is an important risk factor for CO 
exposure (Makri and Stilianakis, 2008; Friedl et al., 2008; Gordon et al., 2014). From 
Table 4.7, the majority of households (70%) earning a maximum of R1000 in Wells 
Estate were exposed to relatively high CO levels, relative to the total study sample 
(57%). Household income levels may influence choice of fuel, type of dwelling, and 
access to health care services.  
Smoking and household exposure to tobacco smoke. Findings from Table 4.7 indicate 
that households having one or more smokers are predisposed to high CO levels 
(57%). The results showed that participants in Wells Estate were at greater risk with 
about 60% of households having one or more smokers. From the questionnaire, only 
6% of households in Walmer Township and 12% in Wells Estate reported having at 
least one person that smoked. The prevalence of smoking in the current study sites is 
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low compared with levels up to 77% reported in two Johannesburg suburbs (Teare et 
al., 2018). Other potential social risk factors are highlighted in Figure 5.1.  
 Physical/environmental factors 
Emission from traffic sources: Automobile emissions from busy highways (the M18 
and N2) close to the Walmer Township and Wells Estate may have contributed to high 
ambient CO levels in the sites. Findings from traffic related studies have indicated 
strong correlations between traffic emissions and CO exposure (Padró-Martínez et al., 
2012, Sathitkunarat, et al., 2006). Aviation emission may also contribute significantly 
to local air pollution in Walmer Township, which is located around 3 km from the main 
airport in the City of Port Elizabeth. A study in the USA noted that people residing 
within a 10 km radius of California airports have elevated hospital admission rates 
associated with daily CO exposure. In the current study ambient air pollution was 
perceived as a major problem by study participants (Walmer Township, 21%; Wells 
Estate, 32%) (Figure 4.2).   
Proximity to industries/industrial emissions: Another source of CO exposure in Wells 
Estate may be gaseous emissions from foundries, brick industries, tanneries as well 
the automobile manufacturing plants concentrated in and around the Coega Industrial 
Zone. An earlier air quality study suggested that emissions from the Markman 
industrial area could affect air quality in the neighbourhood (Council for Scientific and 
Industrial Research, 2002). Exposure to CO was identified as one of the air pollution 
problems associated with foundries (Weber, 1961).  
Emissions from dump sites/domestic trashing burning: Another possible source of 
ambient CO in both study sites is trash burning. The practice of “dump and burn” in 
the area is fuelled by the lack of full coverage municipal solid waste removal services 
in the townships. These findings may also be aligned with respondents’ perceptions 
of odours and air pollution problems highlighted by participants in Figure 4.2.   
 Biological factors  
As highlighted in Figure 5.1, age is an important biological factor that influences 
susceptibility to exposure and the effects of such exposure, particularly in vulnerable 
populations (such as young children). The effects of pollutant exposure on children 
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under five years of age has been widely discussed. This is of particular concern in 
Wells Estate where 41% of households have children under five years of age. Table 
4.7 shows that the 71% of the total study households with children aged five years and 
younger are exposed to relatively high CO levels. The breathing zone of children is 
close to ground level, where the concentration of pollutants is highest, predisposing 
children to asthma and other respiratory conditions (World Health Organisation, 2008). 
Epidemiological studies around the world have reported robust associations between 
CO levels and respiratory outcomes in children (Beatty and Shimshack, 2014; 
Andersen et al., 2007). Such an association was not recorded in the current study, 
which may be due to insufficient statistical power from the small sample size.   
Table 4.7 shows that people above 60 years of age appeared to be exposed to higher 
CO levels in Wells Estate (60%). This finding indicates that elderly people in Wells 
Estate may be at risk of adverse effects from the relatively higher CO levels observed. 
According to the literature, the process of ageing triggers structural changes in 
respiratory defence mechanisms and lung functioning (Sharma and Goodwin, 2006). 
Epidemiological studies have confirmed associations between ageing and respiratory 
diseases (Barnes et al., 2009; Ujunwa and Ezeonu, 2014). The findings on age was 
discussed in sub-section 5.7.3.  
Education through raising community awareness on the link between CO exposure 
and respiratory outcomes can lessen the burden of respiratory outcomes. 
Epidemiological evidence has shown that controlling household exposure could 
reduce 20-50% of various adverse health problems (Bruce et al., 2015). Besides 
avoiding deliberate exposure, encouraging interventions through vegetable and fruit 
intake can increase antioxidants which combats oxidative stress (Dragsted et al., 
2004). Thus reducing the burden of respiratory and non-respiratory outcomes from 
CO exposure. In addition, creating awareness focused on lifestyle improvement such 
a physical activities could be beneficial. Studies have shown that such lifestyle 
activities could reduce prevalence of respiratory outcomes (Lucas and Platts-Mills, 
2005; Kurti et al., 2016).  
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Figure 5.1 Flow diagram showing risk factors responsible for CO exposure in 
Walmer Township and Wells Estate 
5.4 COMPARISON OF CO LEVELS BETWEEN STUDY SITES 
The third study objective related to comparisons of CO levels reported in Walmer 
Township with those of Wells Estate. Walmer Township had lower ambient CO levels 
(x̄ = 7.74 ppm) relative to Wells Estate (x̄ = 8.34 ppm). The same was the case for 
indoor CO levels in both townships. The ambient CO level in Walmer Township is low 
relative to Wells Estate, and the high measurement in the latter was consistent, 
suggesting the possibility of more sources of emission 
The variations in CO levels between the study sites was not statistically significant (p 
> 0.05) for ambient and indoor measurements. This can be explained by some 
similarities of exposure sources, weather conditions and dwelling architectural 
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designs. CO levels in Walmer Township and Wells Estate is determined by the major 
pollution sources which require further investigation. The contribution of the Coega 
zone and Markman industrial area to ambient air pollution in Wells Estate was 
highlighted earlier. Regarding the influence of aviation emissions on local air quality, 
Schlenker and Walker (2016) observed that a one standard deviation change in 
runway congestion results in a 0.32 standard deviation increase in ambient CO levels 
within a 10 km distance. The proximity of the Port Elizabeth international airport to 
Walmer Township requires further investigation in terms of its contribution to ambient 
air quality in the area. 
5.5 PREVALENCE OF RESPIRATORY SYMPTOMS/DISEASES 
The fourth study objective regarding prevalent respiratory diseases and symptoms 
which may be credited to CO exposure are discussed. The most widespread 
symptoms reported by the study respondents fever and chills, headache, 
runny/blocked nose and dry cough (Figure 4.4). Tuberculosis and asthma were 
diseases of concern in the study sites. The reported incidence of bronchitis and 
pneumonia was low. Similar symptoms/diseases have been reported in related studies 
elsewhere (Nriagu et al., 1999; Kilabuko, Matsuki, and Nakai, 2007; Smith et al., 2011; 
Albers et al., 2015; Shirinde, Wichmann and Voyi, 2015). The prevalence of common 
respiratory outcomes is discussed below.   
5.5.1 Prevalence of acute respiratory symptoms  
The study findings showed that fever and chills, headache, runny/blocked nose, dry 
cough and sneezing were among the predominant respiratory symptoms (Figure 4.4). 
Fever was the most prevalent respiratory symptom and a common indication of ill 
health. In general, an overview of the results suggests low prevalence of respiratory 
symptoms compared with related studies. Rumchev and colleagues reported a 94% 
prevalence of respiratory symptoms in a Zimbabwean village (Rumchev et al., 2007). 
High prevalence of respiratory outcomes were mostly reported in households using 
polluting fuels such as firewood and animal dung as major energy sources (Sanyal 
and Maduna, 2000; Rumchev et al., 2007). Unlike in this study, above 90% of study 
household used electricity for cooking and boiling water as indicated in Table 4.2. 
However, the incidence of respiratory symptoms may increase in typical winter months 
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as households may resort to paraffin and coal for space warming. A high prevalence 
of respiratory outcomes during winter months was also highlighted by Sanyal and 
Maduna (2000). Therefore, a further extensive study is required to investigate the 
prevalence levels across all seasons of the year.   
5.5.2 Prevalence of tuberculosis   
From Figure 4.5, the most important respiratory disease reported in the study sites 
was tuberculosis.  Walmer Township had the highest reported cases of 12% relative 
to the 6% recorded in Wells Estate. The high prevalence of tuberculosis in the study 
sites is a reflection of tuberculosis epidemic nationwide. South Africa has the highest 
levels of reported tuberculosis worldwide, and Eastern Cape was listed among the 
Provinces with high tuberculosis burden (World Health Organisation, 2015b; Statistics 
South Africa, 2018). 
On the other hand, the few reported cases noted in this study may suggest a possibility 
of unreported cases which might skew the infection rate data especially at household 
level. Pronyk et al. (2001) highlighted the possibility of some undiagnosed cases for 
every known case of TB in the community. Social stigma attached to the disease with 
low socio-economic status may hinder people from discussing their status with 
household members or seeking the required health services promptly. Another reason 
for the unreported cases of tuberculosis may be that majority of active tuberculosis 
patients are also HIV/AIDs positive (World Health Organisation, 2018b). HIV/AIDS 
patients are served in designated places at the clinics. Due to fear, people may not 
like family members or friends to see them waiting in such areas. It should be noted 
that the case of co-morbidity with HIV/AIDS could be a confounding variable not 
investigated in this study.   
5.5.3 Prevalence of asthma  
The prevalence of asthma in Walmer Township was slightly lower (5%) than that 
reported in Wells Estate (6%) and the overall mean for the 2 sites combined was   
5.5%. Like tuberculosis, asthma is a common respiratory disease and responsible for 
about 23.5% of total deaths in 2015 in South Africa (Statistics South Africa, 2017). The 
prevalence rates are relatively low compared with that observed in studies elsewhere 
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in South Africa. For example, the Health Environment and Development Study 
(HEAD), the prototype for the iBhayi study, reported a higher prevalence rate of 21% 
in Rivelea, Johannesburg (Makene, 2008). Unlike the present study sites, Rivelea not 
only is situated in proximity to an industrial area but is also surrounded by gold mine 
tailing dumps. These combined risk factors would influence the high prevalence of 
asthma cases, especially in children as reported in epidemiological studies 
(Kistnasamy et al., 2008; Naidoo et al., 2013). The sample size of the HEAD study 
provided a more representative sample size relative to the smaller sample size of the 
present study. 
5.5.4 Prevalence of chronic bronchitis 
A 3% prevalence of bronchitis was recorded in Walmer Township and none was 
among the study households in Wells Estate.  It is possible that cases of bronchitis 
may be underreported. A National household survey conducted in 2004 reported a 
total prevalence of 2.3% for males and 2.8% in females respectively (Ehrlich et al., 
2004). The result from this survey is comparable to that obtained in this study. It is 
expected that with continued smoking activities within the households, coupled with 
the rise in industrial developments around residential areas, that bronchitis prevalence 
should increase alongside wheezing which is a major symptom of bronchitis. The 
proportion of household members that reported wheezing in the past was 17% and 
11% in Walmer Township and Wells Estate respectively.  The low incidence reported 
in the current study may be accredited to the reliance on electricity for heating and 
cooking or as misdiagnoses of the problem. The likelihood of increased bronchitis 
prevalence has been reported in households with a greater dependence on biomass 
fuel than those using electricity (Sanyal and Maduna, 2000; Rumchev et al., 2007; 
Sana et al., 2018).  
5.5.5 Prevalence of pneumonia  
Pneumonia was reported only at Wells Estate with a prevalence of 3% (Fig 4.5). This 
value is higher compared with the 1.7% recorded in a similar study in Mpumalanga 
(Albers, 2011).  Relatively higher percentages of 13.9% and 17.1% were reported in 
Gauteng and North West Province (Nkosi, 2016).  The questionnaire revealed that 
75% of participants that reported having pneumonia were adult males. This is unlike 
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most studies where the majority of reported pneumonia cases were recorded among 
the younger population (Mahalannabis et al., 2002; Smith et al., 2011; Thorsson et al., 
2014). The reason for this may be that the total number of children in the study does 
not provide sufficient statistical power. The relatively low prevalence of pneumonia 
could be due to the predominant use of electricity for residential purposes as 
discussed earlier 
5.6 ASSOCIATION BETWEEN CO EXPOSURE AND RESPIRATORY OUTCOMES 
The fifth objective of this study was to investigate the associations between CO levels 
and prevalent respiratory outcomes. This was addressed using the bivariate and 
multivariate regression analyses. The observed associations do not necessarily imply 
causation as other intrinsic variables not accounted for in this study may be 
responsible for the reported respiratory outcomes.  
CO as a toxic gas can form a weak acid on the epithelial surfaces of the respiratory 
tract, which may cause irritation expressed through mechanical actions such as 
coughing, sneezing and other respiratory symptoms. It has also been classified as a 
systemic toxin, though the respiratory tract might not be its main target organ, it could 
cause inflammation in the tract leading to its target (Gorguner and Akgun, 2010).  
The national and international guidelines for CO are set as a safety threshold for 
protection of public health, but due to unaccounted underlying factors, including health 
conditions (Figure 5.1), associations with respiratory outcomes have been recorded at 
lower thresholds than current guideline levels.  
5.6.1 Acute respiratory symptoms 
 Evidence of plausible association between CO and respiratory outcomes at low 
background levels.  
CO at levels below the WHO 8-hour guideline of 8.7 ppm was significantly associated 
with respiratory symptoms (AOR = 1.864; 95% CI: 1.025 - 3.538). CO maintained a 
robust association with acute respiratory symptoms after adjusting for cooking fuel and 
household income (AOR = 2.286). Especially, wet cough remained associated with 
CO at 0.42 ppm and above in the multivariate analyses (AOR = 8.487). This finding 
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suggests that associations between CO and respiratory symptoms were effective at 
the median levels between 0.34 - 0.42 ppm (see subsection 4.11.1). This raises the 
concern regarding dependence on guidelines for policy making regarding safe levels 
for CO most, and is most important at this time when South Africa is drafting indoor air 
quality guidelines.  
Associations between lower than guideline CO levels and respiratory symptoms have 
been reported elsewhere. A panel study in Australia reported significant associations 
between ambient CO levels and respiratory symptoms (namely wheezing and 
runny/blocked nose) in children using a five-day average. According to the report, CO 
levels were below the Australian and WHO 8-hour standard of approximately 9 ppm 
(Rodriguez et al., 2007). However, the latter study and the present study were not 
adjusted for co-pollutants. Studies by Schlenker and Walker (2016) in the US reported 
that at 7.5 ppm (below the EPA/WHO guidelines), ambient CO was associated with 
respiratory and cardiovascular outcomes.  
Contrary to the foregoing, some population-based studies found negative associations 
based on hospitalisation for respiratory tract infections and background CO levels 
(between 0.6 to 1 ppm), hence suggesting a protective effect (Tian et al., 2013, 2014). 
These studies do not compare well with the present study due to methodological 
differences. However, the mechanistic pathways of the protective effects of CO needs 
to be further investigated.   
5.6.2 Respiratory diseases/conditions  
 Asthma and bronchitis might be associated with CO exposure in study sites.  
Among the acute respiratory outcomes is wheezing. It is a known symptom for asthma 
and bronchitis. The exposure to CO levels at higher level might trigger a progression 
from wheezing episodes to conditions such as asthma or bronchitis. The systematic 
review by Orellano et al. (2017) supports that CO exposure can aggravate asthma in 
adults and children. Likewise, the time series studies by Burnett et al. (2001) in Canada 
observed that increasing ambient CO levels was significantly associated with 
hospitalisation for bronchitis, asthma and pneumonia in children, but it was not so in 
this study. This may be due to the few number of participants having these outcomes.  
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Findings from Table 4.12 and 4.13 suggests no association between pneumonia and 
tuberculosis. Studies undertaken in households dependent on biofuels showed that 
higher CO exposure was a significant risk factor to bronchitis and pneumonia 
prevalence among women and children (Rumchev et al., 2007; Thorsson et al., 2014).  
Other authors have argued that PM10 and other irritant gases in smoke and not CO 
may be responsible for these outcomes (Naeher et al., 2007; Bentayeb et al., 2010). 
Once again, poor associations in this study may be linked to the predominant use of 
electricity for household cooking. 
5.7.3 Association between respiratory outcomes and CO exposure based on 
WHO guidelines and the sample median levels 
a. Using the WHO guideline level 
The bivariate and multivariate analyses (see Table 4.8) indicate that CO levels 
at and above the regulated guideline of 8.7 ppm was not associated with 
respiratory diseases and symptoms with p value exceeding 0.005 (p= 0.695). 
This implies that at levels deemed to be hazardous to health, CO exposure was 
not related to respiratory outcomes in the sampled population.  This does not 
necessarily imply that exposure to high CO levels may not result in respiratory 
outcomes. The findings in the current study may be influenced by the small 
sample size and the low prevalence of respiratory outcomes reported by study 
participants.  
 
b. Using the sample median 
Table 4. 8 showed the unadjusted association between respiratory symptoms 
and CO at levels below the guidelines. Also, a robust positive association (p= 
0.009; AOR 2.282) was found after adjusting for confounding variables. 
However, no association was recorded between CO levels and respiratory 
diseases at this level. A situation that could be attributed to few reported cases 
of respiratory disease. Using the sample median compared with the guideline 
values provides fairly representative data and gives further insights into the 
consequences of exposure to low levels of CO which was prevalent in study 
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households’ spaces.  This study’s outcomes are similar to studies conducted in 
Australia and USA (Rodriguez et al., 2007; Schlenker and Walker, 2016).  
The implication of study findings cautions the use of WHO guidelines in 
attributing safe pollutant levels. For example, a study by Kurti et al. (2016) 
classified participants with less than 9 ppm CO exposure as unexposed and 
going by the results of this study, such classification could be misleading as 
associations with respiratory symptoms were observed at CO levels below 9 
ppm. Therefore further investigation is required to fully explore the relationship 
between low level CO and respiratory symptoms. 
5.7.4 Significant risks factors for respiratory symptoms and diseases  
Some of the confounding variables that sustained association with respiratory 
diseases/conditions were cooking fuel, income level, dwelling type and age.  
 Household income above R1000 lowered the risk of asthma incidence 
significantly 
This finding indicates that households earning an average monthly income of R1000 
or less may be predisposed to events leading to developing asthma. This was 
expected as high income levels improves quality of life and access to medical services. 
Study households are confronted with a myriad of problems which may not arise if 
they earned higher income. 
 Use of electricity/gas for residential purposes reduced asthma prevalence  
The negative relationship with cooking fuel - electricity/gas can be attributed to the 
predominant use of electricity in the study areas. This finding is corroborated by 
several epidemiological studies linking electricity use to decrease in household air 
pollution and respiratory disease prevalence (Rollin et al., 2004; Fullerton et al., 2008; 
Barnes et al., 2009; Albers et al., 2011). This finding underscores the role of clean 
energy sources such as electricity in lowering the prevalence of respiratory ill health 
in low income communities.   
86 
 
 Living in a formal dwelling was not associated with bronchitis and tuberculosis 
prevalence 
 
Table 4.15 illustrates that households residing in formal dwellings have reduced odds 
of having bronchitis compared with those in informal ones. About 77% of study 
dwellings were permanent structures made of brick and indoor ventilation was not a 
major problem (Figure 4.2). This finding compares well with results from a 
prospective study undertaken in three South African districts. Households living in 
permanent structures were reported to be less likely to develop respiratory diseases 
(OR = 0.63; 95% CI: 0.45 – 0.89) (Peltzer and Louw, 2014). Similarly, a cross-
sectional study in Western Nigeria indicated that participants living in dilapidated 
dwellings were 1.8 times more likely to have bronchitis (Desalu, 2011). Therefore, 
living in formal and good quality dwellings decreases vulnerability to respiratory 
diseases/conditions. 
 
 Ageing was significantly associated with tuberculosis prevalence 
Age was the only independent risk factor that was positively associated with having    
tuberculosis in the study sites (AOR = 5.837; 95% CI: 1.654 - 20.596). The 
multivariate results shows that household members above 29 years of age were 
more likely to contract tuberculosis relative to those below the age.  The role of 
ageing on the respiratory tract was discussed in section 5.2. Other studies have 
found correlations between age increase and respiratory disease prevalence (Deveci 
et al., 2011; Brashier et al., 2012). Contrastingly, a study in South Africa found that 
ageing was not significantly associated with chronic diseases (Nkosi, 2016).   
 
 Attaining secondary education lowered the risk of tuberculosis prevalence 
In this study, having a secondary education was protective of tuberculosis prevalence 
in Walmer Township. The higher percentage of household members with secondary 
education supports this finding (Table 4.1). High educational achievement engenders 
population behavioural adaptation to improve healthy living and reduce exposure to 
pollutants. Similarly, other studies including a South African based national cross-
sectional survey reported that high educational attainment is protective of respiratory 
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diseases (Naidoo et al., 2016, Nkosi, 2016). Hence, the results from this study agrees 
with these authors.  
 
5.8 CONCLUSION  
The discussion showed that ambient CO levels were significantly higher than indoor 
CO levels in study sites. Hence ambient CO may pose a potential risk to the study 
population even though levels where mainly below the recommended guidelines. The 
result of the study is taken with understanding that other pollutants such as particulate 
matter and especially CO precursors such as ozone might be responsible for the 
reported respiratory outcomes.  
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CHAPTER SIX 
CONCLUSIONS AND RECOMMENDATIONS 
The negative effects of carbon monoxide at levels above the recommended dose on 
respiratory health has long been established. This chapter explains significant findings 
of CO levels in Wells Estate, and Walmer Township of Port Elizabeth, and the health 
risks of exposure relative to reported respiratory outcomes. The relationship between 
the CO level and respiratory symptoms in the mentioned study sites was investigated 
using logistic regression analyses. The conclusions address aims and objectives of 
the study, hypotheses and explain some limitations and recommendations for further 
studies.  
6.1 MAIN CONCLUSIONS   
There were low CO levels in ambient and indoor environments in both Walmer 
Township and Wells Estate as compared to the WHO 8-hour guideline of 8.7 ppm. 
Walmer Township and Wells Estate, had mean ambient and indoor CO levels of 8.02 
ppm (SD 2.43) and 0.68 ppm (SD 1.23 ppm) respectively. The pooled CO exposure 
data shows that CO levels in 13% of study households exceeded the WHO 8-hour 
guideline. There were indications that CO exposure at levels below guidelines was 
associated with increased risk of respiratory symptoms.  
The study showed higher concentrations of CO occurred in the outdoor environment. 
This highlights the potential impact of vehicular and industrial emissions on local air 
quality, and the implications for resultant respiratory outcomes. In addition, the role of 
the socio-economic status of households as well as ageing was acknowledged as key 
determinants of susceptibility to respiratory symptoms and diseases.  
The variations between indoor CO measurements in study dwellings appeared smaller 
and relatively consistent compared to ambient measurements. The heterogeneity of 
CO levels in the ambient environment may have been influenced by prevailing windy 
conditions in Port Elizabeth, which was noted during the data collection period. The 
relatively low indoor CO levels accentuates the hypothesis that clean energy options 
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such as electricity and gas reduces CO exposure and indirectly the burden of 
respiratory disease in the study sites.  
Considering the first study hypothesis, there is insufficient evidence to conclude that 
the levels of CO in Walmer Township differ significantly from Wells Estate. The null 
hypothesis (H0) stating that there is no difference in the average CO levels between 
the study sites is therefore not rejected. There is significant evidence of association 
between CO and acute respiratory symptoms in Walmer Township and Wells Estate. 
However there was no associations between CO levels and the chronic respiratory 
diseases. Thus, the second null hypothesis was not rejected. The conclusions 
addressed the objectives and hypotheses of this cross-sectional study of ambient and 
indoor CO levels, and associations with respiratory outcomes in Walmer Township 
and Wells Estate. The conclusions addressed the objectives and hypotheses of this 
cross-sectional study of ambient and indoor CO levels, and associations with 
respiratory outcomes in Walmer Township and Wells Estate. From a public health 
perspective, community awareness is required to reduce exposure of study 
households to carbon monoxide.  
6.2 STRENGTHS OF THE STUDY 
The major strength of the study is that CO in ambient air was monitored outside the 
dwellings of the study population. The proximity of sampling sites provides fairly 
representative CO exposure levels relative to studies where air pollutant data was 
collected from monitoring stations which may be located far away from study 
dwellings. CO levels differ spatially owing to meteorological conditions, therefore, it is 
possible that some locations may have CO levels different from that reported in studies 
based on data from fixed monitoring stations (Zhang et al., 2015). The findings here 
provide reference for further epidemiological studies in similar settings.  
6.3 STUDY LIMITATIONS  
The findings presented above should be interpreted with consideration of the following 
study limitations.  
Firstly, the major limitation of the study is the small sample size. The choice of 70 
households (n=246) as sample size was based on logistics and budget constraints. 
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Increasing the sample size would give clearer indication of the burden of respiratory 
diseases in study households. This, also would make available representative data 
that will improve understanding of the relationship which exists between CO levels and 
respiratory outcomes in the respective townships. Therefore enhancing the 
generalisability of the study results in the study sites.  
Secondly, the awareness of the sampling monitor may have triggered some 
behavioural changes in members of the households thereby introducing some bias in 
the study results. Household members who knew that cigarette smoke produces CO 
may have refrained from smoking indoors during the CO monitoring period. As such it 
is difficult to statistically ascertain the actual indoor CO exposure in such dwellings.  
Thirdly, CO monitoring was conducted in October and November, hence 
measurements are not representative of the typical winter period when alternative 
energy sources are used for space heating.  
Fourthly, the measurement of CO using the ChromAir® badge may have been 
influenced by interferences from other gases such as alkenes, hydrogen and hydrogen 
sulphide. Despite these limitations, this study provided an overview of household 
exposure to ambient and indoor CO as well as common respiratory outcomes in the 
study sites.  
Following the inherent limitations of a cross-sectional study design adopted in this 
study, caution is needed in relating association to causality.  
6.4 RECOMMENDATIONS  
The following recommendations are advanced based on the study findings:  
1. The hypothesis that there is no relationship between CO levels and respiratory 
diseases in the study sites should be further researched using longitudinal 
studies (such as household-based cohort studies).  
 
2. Based on the relatively high ambient CO levels in study sites, air monitoring 
should be conducted seasonally in order to expand knowledge of CO exposure 
levels throughout the year. 
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3. Future air quality studies in the sites should include other pollutants such as 
particulate matter, sulphur dioxide and nitrogen dioxide as the synergistic effect 
of pollutants in disease causation cannot be ignored.  
 
4. Future air pollution and health studies in these townships should increase the 
sample size of study households to provide a more robust assessment of the 
association between the variables of interest. Following due ethical protocols, 
data relating to respiratory health complaints from the clinics in each township 
could be used to augment information generated from self-reported 
questionnaire.  
 
5. Communities need to put pressure on local government to improve basic 
services such as domestic waste collection to reduce the incessant patronage 
of the illegal dump sites. 
 
6. Active community and government participation is required in implementing 
strategies to address domestic trash burning, illegal dumping and burning at 
dump sites which will drastically reduce CO exposure in the study sites. 
 
7. The effect of CO exposure and findings from this study should be used to create 
awareness to educate residents on reducing the factors that increase their 
vulnerability to CO at the household setting. For example the danger of smoking 
indoors should be highlighted thereby reducing household exposure to tobacco 
smoke. 
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ANNEXURE 1: IBHAYI STUDY QUESTIONAIRE 
   
  
THE IBHAYI EHS QUESTIONNAIRE  
Year of Study   
    
 
 
Interview date      
  
Name of Interviewer  
  
Respondent’s name     
Telephone/ Cell number:    
Sex of respondent  Male   Female   
Was the respondent interviewed last year for the same 
study  
Yes   No   
  
Guidelines for interviewers:   
All options or comments in italics MUST NOT BE READ out to the respondents.  
  
A.  DEMOGRAPHY & SOCIO-ECONOMIC STATUS  
1.  a. In which country were you born?     1 South Africa  
2 Other, Specify  
__________________  
    
 
2  0  1  7  
D  D  M  M  2  0  1  7  
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  b. If born in South Africa, in which PROVINCE were you 
born?  
1 Eastern Cape    
 
 
2 Free State  
3 Gauteng  
4 Kwa-Zulu Natal  
5 Limpopo  
6 Mpumalanga  
7 Northern Cape  
8 North West  
9 Western Cape  
2.  How many people live on this plot (within the 
boundaries of the yard)?  
      
 
3.  a. How many separate households live on this plot?  
(Definition of a household: a group of people who usually eat 
together)  
     
b. Are all households  1 Part of the same family 2  
People who rent part of the      
dwelling?  
 
  
 
 
Interviewers: unless otherwise specified, the remaining questions refer to the main househ old   
4.  How many people, including you, make up this (main) 
household?  
    
 
 
5.  How many children under five years of age are part of 
this household? (If no children, state 0)  
    
 
 
6.  What is the main language spoken in this household?   
(Please choose one)  
1 Afrikaans    
 
 
2 English  
3 Ndebele  
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4 Sepedi  
5 Sesotho  
6 Setswana  
7 Swati  
8 Tsonga  
9 Venda  
10 Xhosa  
11 Zulu  
12 Other:  
 _____________________  
7.  How long has this household been living in this 
dwelling?  
Months  
Years  
    
 
  
Starting with the respondent please state the first name, age, sex, educational qualification for each 
member of the household. If RESPONDENT is also the HEAD OF HOUSEHOLD leave P2 blank.  
Interviewers: after the respondent and/or the head of the household, list residents from oldest to youngest. Person 1(P1) 
remains P1, P2 remains P2 …. throughout the questionnaire.   
8.  Name / ID code  Age  
(years)  
Sex   Achieved educational 
qualification   
(state ‘5’ - Not applicable for children not of 
school going age)  
8.1  Person 1/P1 
(Respondent) Name:  
    0 Male  
1 Female   
1 None  
2 Primary  
3 Secondary  
4 Tertiary  
5 Not applicable  
 
   
8.2  Person 2/P2   
(Head of household) 
Name:  
 
0 Male  
1 Female  
 
  
 
1 None  
2 Primary  
3 Secondary  
4 Tertiary  
5 Not applicable  
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8.3  Person 3/P3 Name:  
 
0 Male  
1 Female  
 
  
 
1 None  
2 Primary  
3 Secondary  
4 Tertiary  
5 Not applicable   
 
8.4  Person 4/P4 Name:  
 
0 Male  
1 Female   
1 None  
2 Primary  
3 Secondary  
4 Tertiary  
5 Not applicable  
 
  
8.5  Person 5/P5 Name:      0 Male  
1 Female  
 
  
 
1 None  
2 Primary  
3 Secondary  
4 Tertiary  
5 Not applicable   
 
   
8.6  Person 6/P6 Name:  
 
0 Male  
1 Female  
 
  
 
1 None  
2 Primary  
3 Secondary  
4 Tertiary  
5 Not applicable   
 
  
8.7  Person 7/P7 Name:  
 
0 Male  
1 Female  
 
  
 
1 None  
2 Primary  
3 Secondary  
4 Tertiary  
5 Not applicable  
 
8.8  Person 8/P8 Name:  
 
0 Male  
1 Female  
 
  
 
1 None  
2 Primary  
3 Secondary  
4 Tertiary  
5 Not applicable  
 
  
8.9  Person 9/P9 Name:  
 
0 Male  
1 Female  
 
  
 
1 None  
2 Primary  
3 Secondary  
4 Tertiary  
5 Not applicable  
 
  
8.10  Person 10/P10 Name:  
 
0 Male  
1 Female  
 
  
 
1 None  
2 Primary  
3 Secondary  
4 Tertiary  
5 Not applicable  
 
  
  
  
Starting with the respondent please state the main weekly activity for each member of the household. 
Interviewer: If RESPONDENT is also the HEAD OF HOUSEHOLD leave P2 blank.  
Interviewers: after the respondent and/or the head of the household, list residents from oldest to youngest. Person 1(P1) 
remains P1, P2 remains P2 …. throughout the questionnaire.   
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9.  Name / ID code  
  
Main weekly activity    
  
  Please specify type of 
job, tertiary subject 
studied or school grade 
achieved where 
applicable  
9.1  Person 1/P1  
(Respondent) Name:  
1 Full time job  
2 Part time job  
3 Unemployed  
4 Housewife / husband  
5 Informal job  
6 Tertiary education  
7 School  
8 Crèche  
9 Other  
__________________  
 
  
  
9.2  Person 2/P2 
Name:  
(Head of household)  
1 Full time job  
2 Part time job  
3 Unemployed  
4 Housewife / husband  
5 Informal job  
6 Tertiary education  
7 School  
8 Crèche  
9 Other  
__________________  
 
  
  
9.3  Person 3/P3 
Name:  
1 Full time job  
2 Part time job  
3 Unemployed  
4 Housewife / husband  
5 Informal job  
6 Tertiary education  
7 School  
8 Crèche  
9 Other  
__________________  
 
  
  
9.4  Person 4/P4 
Name:  
1 Full time job  
2 Part time job  
3 Unemployed  
4 Housewife / husband  
5 Informal job  
6 Tertiary education  
7 School  
8 Crèche  
9 Other  
__________________  
 
  
  
9.5  Person 5/P5 
Name:  
1 Full time job  
2 Part time job  
3 Unemployed  
4 Housewife / husband  
5 Informal job  
6 Tertiary education  
7 School  
8 Crèche  
9 Other  
__________________  
 
  
  
9.6  Person 6/P6 
Name:  
1 Full time job  
2 Part time job  
3 Unemployed  
4 Housewife / husband  
5 Informal job  
6 Tertiary education  
7 School  
8 Crèche  
9 Other  
__________________  
 
  
  
9.7  Person 7/P7 
Name:  
1 Full time job  
2 Part time job  
3 Unemployed  
4 Housewife / husband  
5 Informal job  
6 Tertiary education  
7 School  
8 Crèche  
9 Other  
__________________  
 
  
  
9.8  Person 8/P8 
Name:  
1 Full time job  
2 Part time job  
3 Unemployed  
4 Housewife / husband  
5 Informal job  
6 Tertiary education  
7 School  
8 Crèche  
9 Other  
__________________  
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9.9  Person 9/P9 
Name:  
1 Full time job  
2 Part time job  
3 Unemployed  
4 Housewife / husband  
5 Informal job  
6 Tertiary education  
7 School  
8 Crèche  
9 Other  
__________________  
 
  
  
9.10  Person 10/P10 
Name:  
1 Full time job  
2 Part time job  
3 Unemployed  
4 Housewife / husband  
5 Informal job  
6 Tertiary education  
7 School  
8 Crèche  
9 Other  
__________________  
 
  
  
10.  What is the average monthly 
income for this household - 
excluding grants & pensions?
 
 
  
1 No income  
  
2 < R1000  
3 R1001 – R5000  
4 R5001 – R10000  
5 >R10000  
11.  How many people in the 
household receive the following 
grants?   
Please fill in appropriate numbers.  
  
1 Old age grant/pension      
 
2 Disability grant     
  
3 Child support grant      
4 Other, specify  
_________________________________    
12.  How much money (in Rands) does 
this household spend on the 
following items every month?   
  
Please fill in appropriate amounts. If 
respondents can only remember 
annual amounts divide this figure by 
12.  
  
1. Food  R  
2. Transport (include taxi fare, petrol, car instalment)  R  
3. Housing- rent, bond etc  R  
4. Water  R  
5. Electricity  R  
6. Paraffin  R  
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7. Coal  R  
8. Wood  R  
9. Gas  R  
10. Other type of fuel:  Specify      R  
11. Alcohol   R  
12. Cigarettes  R  
13. Entertainment (such as cinemas, nightclubs, 
attending sporting events, theatre)  
R  
14. Telephones & Cellular Telephones  R  
15. Medical expenses (include transport to clinics, 
medication etc)  
R  
16. Schooling/University (including uniforms, books, 
fees etc)    
R  
17. Debt repayments  R  
13.  Does anyone in this household 
have medical aid?  
  
1=Yes          0=No  
  
15.  Does anyone in this household 
have any money saved in a bank, 
building society or stokvel?   
  
  1=Yes          0=No  
  
 
16.  Is the owner of this house a:  
(Please choose one)  
0 Male  
1 Female  
2 Male and Female (dual ownership)  
3 Not applicable (do not own house)  
  
 
17.  Is the person who makes most 
decisions in this household a:      
(Please choose one)  
0 Male  
1 Female  
2 Male and Female (joint decision-making)  
  
18.  Does anyone regularly do any of 
the following at home for extra 
money?   
1. Fix cars                                       1=Yes    0=No    
2. Spray painting of cars                 1=Yes    0=No    
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(Please choose one)  3. Make metal jewelry                     1=Yes    0=No    
4. Welding                                       1=Yes    0=No    
5. Fix electrical appliances              1=Yes    0=No    
6. Scrap metal recycling                  1=Yes    0=No    
7. Hairdressing                                1=Yes    0=No    
8. Other activity at home                  1=Yes    0=No   
Specify:  
  
 
     
B.  HOUSING and NEIGHBOURHOOD   
19.  INTERVIEWER: Please record the type of 
dwelling used by the main household.  
(Please choose one)  
  
1 Formal house built by professional builder    
 2 Formal house that was self-built  
3 Informal dwelling  
4 Backyard dwelling-formal  
5 Backyard dwelling-informal  
6 Flat    
7 Business premises used for accommodation  
8 Other, specify  
______________________________  
20.  Approximately how old is the house?   
  
In years     
 
21.  How many separate rooms are there in 
this dwelling/house?  
Please fill in the number of each room  
Kitchen (for cooking only)    
Bathrooms / toilets    
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Dining rooms    
Lounge    
Bedrooms    
22.  How would you describe the following 
issues in this dwelling?   
  
1. Peeling paint (indoors)  
  
  
  
1=No problem     2=Moderate problem    3=Major problem  
  
  
2. Peeling paint (outdoors)  
  
1=No problem     2=Moderate problem    3=Major problem  
  
3. Cracks in walls  
  
1=No problem     2=Moderate problem    3=Major problem  
  
4. Ventilation (a good supply of fresh air)  1=No problem     2=Moderate problem    3=Major problem    
5. Lighting  
  
1=No problem     2=Moderate problem    3=Major problem  
  
6. Windows broken  
  
1=No problem     2=Moderate problem    3=Major problem  
  
  
7. Leaks in roof  
  
1=No problem     2=Moderate problem    3=Major problem  
  
  
8. Leaking water pipes in or around the dwelling  
  
1=No problem     2=Moderate problem    3=Major problem  
  
  
9. Fungus or mould on walls or ceilings   
  
1=No problem     2=Moderate problem    3=Major problem  
  
  
10. Odours (bad smells) in the area  
  
1=No problem     2=Moderate problem    3=Major problem  
  
  
11. Overcrowding in the dwelling      
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1=No problem     2=Moderate problem    3=Major problem  
12. Overcrowding in other dwellings in the area  
   
1=No problem     2=Moderate problem    3=Major problem  
  
13 Air pollution in the neighbourhood  
  
1=No problem     2=Moderate problem    3=Major problem    
 
23.  During windy weather, does the air get 
very dusty/sandy in this area?  
1=Yes      0=No  
  
24.  If yes, where do you think the dust/sand 
comes from?  
  
25.  Is dust inside the dwelling a major 
problem?  
1=Yes    0=No  
 
43.  Does anyone in the household smoke?  Cigarettes                                             1=Yes    0=No    
Pipe tobacco                                         1=Yes    0=No    
Hookah / Hubbly bubbly                        1=Yes    0=No    
Electronic cigarettes                             1=Yes    0=No    
Other: specify__________________   1=Yes    0=No 
________________________  
  
44.  How many of the people living in this 
household smoke inside the dwelling?  
  
List the person number of all who 
smoke?  
Number of people  
  
P            , P             , P            , P           ,P  
  
45.  Does anyone in this household own a 
Hookah pipe?  
1=Yes    0=No    
46.  What is the age of the youngest person 
who smokes the Hookah?            
(Age in years)  
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47.  Do you think that a Hookah can harm 
your health?  
1=Yes    0=No    
48.  Do you think that a Hookah is good for 
your health?  
1=Yes    0=No    
   
C. HEALTH  
49.  Name   a. Acute symptoms: In the past month, have you or anyone in your 
household experienced the following symptoms in the past 2 weeks ( 
please circle Y=yes or N= no)  
b. If yes, did 
you seek 
medical 
treatment?  
c. Where did you go for 
treatment?   
49.1  Person 
1/P1  
1      Wet cough  
  
Y    N  7     Headaches  Y    N  1 Yes  
0 No  
  
 
1 Clinic  
2 Doctor   
3 Traditional healer  
4 Self-medicated  
5 Other, specify  
 
_______________  
  
2      Dry 
cough   
Y    N  8     Rapid 
breathing  
Y    N  
 
3      Runny / blocked 
nose  
  
Y    N  9     Sore throat  Y    N  
 
4      Fever and 
chills   
Y    N  10   Sneezing  Y    N  
5      Chest pain  
  
Y    N  11   Teary watery 
eyes  
Y    N  
6       Earache  Y    N     
49.2  Person 
2/P2  
1      Wet cough  Y    N  7     Headaches  Y    N  1 Yes  
0 No  
  
 
1 Clinic  
2 Doctor   
3 Traditional healer  
4 Self-medicated  
5 Other, specify  
  
_______________  
  
2      Dry cough  Y    N  8     Rapid 
breathing  
Y    N  
 
3      Runny / blocked 
nose  
Y    N  9     Sore throat  Y    N   
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4      Fever and chills  Y    N  10   Sneezing  Y    N  
5      Chest pain  Y    N  11   Teary watery 
eyes  
Y    N  
6       Earache  Y    N  
  
  
49.3  Person 
3/P3  
1      Wet cough  Y    N  7     Headaches  Y    N  1 Yes  
0 No  
  
 
1 Clinic  
2 Doctor   
3 Traditional healer  
4 Self-medicated  
5 Other, specify  
  
_______________  
  
2      Dry cough  Y    N  8     Rapid 
breathing  
Y    N  
 
3      Runny / blocked 
nose  
Y    N  9     Sore throat  Y    N   
4      Fever and chills  Y    N  10   Sneezing  Y    N  
5      Chest pain  Y    N  11   Teary watery 
eyes  
Y    N  
6       Earache  Y    N  
  
  
49.4  Person 
4/P4  
1      Wet cough  Y    N  7     Headaches  Y    N  1 Yes  
0 No  
  
 
1 Clinic  
2 Doctor   
3 Traditional healer  
4 Self-medicated  
5 Other, specify  
  
_______________  
  
2      Dry cough  Y    N  8     Rapid 
breathing  
Y    N  
 
3      Runny / blocked 
nose  
Y    N  9     Sore throat  Y    N   
4      Fever and chills  Y    N  10   Sneezing  Y    N  
5      Chest pain  Y    N  11   Teary watery 
eyes  
Y    N  
6       Earache  Y    N     
49.5  Person 
5/P5  
1      Wet cough  Y    N  7     Headaches  Y    N  1 Yes  
0 No  
1 Clinic  
2 Doctor   
3 Traditional healer  
4 Self-medicated  
5 Other, specify  
  
2      Dry cough  Y    N  Y    N  
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8     Rapid 
breathing  
  
 
  
_______________  
 
3      Runny / blocked 
nose  
Y    N  9     Sore throat  Y    N   
4      Fever and chills  Y    N  10   Sneezing  Y    N  
5      Chest pain  Y    N  11   Teary watery 
eyes  
Y    N  
  6       Earache  Y    N  
  
      
49.6  Person 
6/P6  
1      Wet 
cough   
Y    N  7     Headaches  Y    N  1 Yes  
0 No  
  
 
1 Clinic  
2 Doctor   
3 Traditional healer  
4 Self-medicated  
5 Other, specify  
  
_______________  
  
2      Dry cough  
  
Y    N  8     Rapid 
breathing  
Y    N  
 
3      Runny / blocked 
nose   
Y    N  9     Sore throat  Y    N  
 
4      Fever and chills  
  
Y    N  10   Sneezing  Y    N  
5      Chest 
pain   
Y    N  11   Teary watery 
eyes  
Y    N  
6       Earache  Y    N  
  
   
49.7  Person 
7/P7  
1      Wet cough  Y    N  7     Headaches  Y    N  1 Yes  
0 No  
  
 
1 Clinic  
2 Doctor   
3 Traditional healer  
4 Self-medicated  
5 Other, specify  
  
_______________  
  
2      Dry cough  Y    N  8     Rapid 
breathing  
Y    N  
 
3      Runny / blocked 
nose  
Y    N  9     Sore throat  Y    N   
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4      Fever and chills  Y    N  10   Sneezing  Y    N  
5      Chest pain  Y    N  11   Teary watery 
eyes  
Y    N  
6       Earache  Y    N  
  
   
49.8  Person 
8/P8  
1      Wet cough  Y    N  7     Headaches  Y    N  1 Yes  
0 No  
  
 
1 Clinic  
2 Doctor   
3 Traditional healer  
4 Self-medicated  
5 Other, specify  
  
_______________  
  
  
2      Dry cough  Y    N  8     Rapid 
breathing  
Y    N  
 
3      Runny / blocked 
nose  
Y    N  9     Sore throat  Y    N   
4      Fever and chills  Y    N  10   Sneezing  Y    N  
5      Chest pain  Y    N  11   Teary watery 
eyes  
Y    N  
6       Earache  Y    N      
49.9  Person 
9/P9  
1      Wet cough  Y    N  7     Headaches  Y    N  1 Yes  
0 No  
  
 
1 Clinic  
2 Doctor   
3 Traditional healer  
4 Self-medicated  
5 Other, specify  
  
_______________  
  
2      Dry cough  Y    N  8     Rapid 
breathing  
Y    N  
 
3      Runny / blocked 
nose  
Y    N  9     Sore throat  Y    N   
4      Fever and chills  Y    N  10   Sneezing  Y    N  
5      Chest pain  Y    N  11   Teary watery 
eyes  
Y    N  
6       Earache  Y    N  
  
   
49.10  Person 
10/P10  
1      Wet cough  Y    N  7     Headaches  Y    N  1 Yes  
0 No  
1 Clinic  
2 Doctor   
3 Traditional healer  
4 Self-medicated  
5 Other, specify  
  
2      Dry cough  Y    N  Y    N  
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8     Rapid 
breathing  
  
 
  
_______________  
 
3      Runny / blocked 
nose  
Y    N  9     Sore throat  Y    N   
4      Fever and chills  Y    N  10   Sneezing  Y    N  
5      Chest pain  Y    N  11   Teary watery 
eyes  
Y    N  
6       Earache  Y    N      
  
 50.  Has anyone in the household ever had wheezing or whistling in the chest?     
Name   
  
Wheezing 
any time in 
past?  
Wheezing  
in last 12 
months?  
Number of attacks in 
last 12 months? 
(choose one option)  
Did you 
seek 
medical 
treatment?  
Where did you go for 
treatment?  
(choose one option)  
Does 
anyone 
have 
asthma?  
Yes =1    
No=0  
Yes =1    
No=0  
1 None  
2 1 to 3   
3 4 to 12   
4 > 12  
Yes =1   
No=0  
1 Clinic  
2 Doctor   
3 Traditional healer  
4 Self-medicated  
5 Other, specify  
________________  
Yes =1   
No=0  
Person 1/P1              
Person 2/P2              
Person 3/P3              
Person 4/P4              
Person 5/P5              
Person 6/P6              
Person 7/P7              
Person 8/P8              
Person 9/P9              
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Person 10/P10              
  
  
   THANK YOU FOR TAKING THE TIME TO ANSWER THIS QUESTIONNAIRE.  
  
WITH YOUR PERMISSION, MAY WE RETURN TO ASK YOU MORE QUESTIONS?  
  
IF YES, please give us your Contact number      
  
Yes  No   
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ANNEXURE 2: PARTICIPANT INFORMATION AND INFORMED CONSENT FORM  
Title of the research project  Carbon monoxide exposure and respiratory diseases in Wells Estate and 
Walmer Township in Port Elizabeth, South Africa. 
Supervisor  Prof. Angela Mathee  
Address  Department of Environmental Health  
Nelson Mandela University  
North Campus, Port Elizabeth 
6031 
South Africa  
Contact No +27 (0) 12 339 8539 
DECLARATION BY OR ON BEHALF OF THE PARTICIPANT 
(person legally competent to give consent on behalf of the participant) 
 
I ……………………………………………………………………………………… the participant and the 
undersigned  
Study Identification number 
………….………………………………………………………………………………………… 
OR 
I ……………………………………………………..in my capacity as………………………………of the participant 
Contact Phone Number (of participant) 
…………………………………………………………………………………….. 
A. 1    I HEREBY CONFIRM AS FOLLOWS: 
 
1. I ………………………………………………………, the participant, was invited to participate in the 
research project that is being undertaken by Ejesieme, Amarachi,  a masters student from the 
Department of Environmental Health in the Faculty of Health Sciences of the Nelson Mandela 
University.  
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I understand that this study is part of the iBhayi Environment and Health Study jointly undertaken by the 
South African Medical Research Council, Nelson Mandela Metropolitan University and the Nelson 
Mandela Bay Municipality.   
2. The following aspects have been explained to me, the participant: 
2.1  Aim: The aim of the study is to measure carbon monoxide levels in ambient and indoor air of Wells 
Estate and Walmer Township, Port Elizabeth and to determine the relationship between carbon 
monoxide levels and prevalent respiratory diseases.  
2.2 Procedures: I understand that: 
2.2.1 I will be interviewed on issues regarding air quality in my home and neighbourhood   including 
my family’s health.  
2.2.2 Passive diffusive ChromAir® badges used for carbon monoxide measurement will be placed 
inside my house or outdoor.  
2.3  Risks: No risks are envisaged. 
2.4 Benefits: As a result of my participation in the study, I will contribute to providing information to the 
municipality that will facilitate tracking of changes in air quality and health issues in my community.  
2.5 Confidentiality: My identity will not be revealed in any discussion, description or scientific publications 
by the researcher. 
2.6 Access to findings: The results of the study will be included in a report on the iBhayi study to local 
policymakers and published in a scientific journal.  
2.7 Participation: I understand that my participation is voluntary and can discontinue my participation 
without giving reasons. 
3. THE INFORMATION ABOVE WAS EXPLAINED TO ME THE PARTICIPANT BY 
…………………………………………………………………….………………(Researcher) 
……………………………………………………………………….………… (Field Assistant) 
In     Afrikaans                        English                             Xhosa                  other ……………… 
   4.  I was given the opportunity to ask questions and all these questions were answered         satisfactorily. 
A.2. I HEREBY VOLUNTARILY CONSENT TO PARTICIPATE IN THE ABOVE MENTIONED STUDY 
Signature: ………………………………………………                               Date: …......./.........../……… 
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ANNEXURE 3: LETTER TO THE DEPARTMENT OF ENVIRONMENTAL HEALTH  
The Acting Director                                                                                         17th August 2017 
Department of Environmental Health  
Nelson Mandela Bay Municipality  
Port Elizabeth 
 
For attention: Mr. Nodwele 
REQUEST FOR PERMISSION TO CONDUCT RESEARCH IN WELLS ESTATE AND 
WALMER TOWNSHIP, PORT ELIZABETH   
Dear Mr. Patrick, 
My name is Mrs. Amarachi Ejesieme, and I am an Environmental Health master’s student at 
the Nelson Mandela University (NMU) in Port Elizabeth. My research topic is “Carbon 
monoxide exposure and respiratory diseases in Wells Estate and Walmer Township, Port 
Elizabeth”. This study will be supervised by Prof. Angela Mathee, Dr Nisha Naicker and Mrs. 
Cheryl Swanepoel of NMU. The study is part of the iBhayi Environment and Health Study 
jointly undertaken by the South African Medical Research Council, Nelson Mandela University 
and the Nelson Mandela Bay Municipality.  
I hereby request your permission to allow the Environmental Health practitioners for Wells 
Estate and Walmer Township to assist in providing access to the community for this study.   
I will conduct indoor air monitoring in 35 households and ambient air monitoring in 10 sites per 
study location. The households and sampling sites will be randomly selected from the iBhayi 
study population. Passive ChromAir® diffusion carbon monoxide badges will be used for 
measuring carbon monoxide levels for 48 hours. Thereafter, observed carbon monoxide 
measurements will be compared with households’ respiratory health information from the 
iBhayi study. Information and participants consent forms will be administered to householders 
prior to air monitoring. Please find a copy of the participant information and informed consent 
form attached.  
Upon completion of the study, you will receive summary of key findings. You can contact me 
on s216264588@live.nmmu.ac.za.  
Thank you for your time and considerations in this matter.  
Yours sincerely, 
Ejesieme, Amarachi (Mrs.) 
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ANNEXURE 4: LETTER TO WARD COUNCILLORS  
The Ward Councillor                                  17th August 2017 
Representing Walmer Township   
Nelson Mandela Bay Municipality  
Port Elizabeth 
 
Dear Sir,  
REQUEST FOR PERMISSION TO CONDUCT RESEARCH IN WALMER TOWNSHIP, 
PORT ELIZABETH    
My name is Mrs. Amarachi Ejesieme, and I am an Environmental Health student at the Nelson 
Mandela University (NMU) in Port Elizabeth. My research topic is “Carbon monoxide exposure 
and respiratory diseases in Wells Estate and Walmer Township, Port Elizabeth”. Prof. Angela 
Mathee, Dr. Nisha Naicker and Mrs. Cheryl Swanepoel of NMU will supervise the study. This 
study is part of the iBhayi Environment and Health Study jointly undertaken by the South 
African Medical Research Council, the Nelson Mandela University and the Nelson Mandela 
Bay Municipality.  
I hereby request your permission to allow the Environmental Health practitioners for Wells 
Estate and Walmer Township to assist in providing access to the community for this study.   
I will conduct indoor air monitoring in 35 households and ambient air monitoring in 10 sites in 
your community. Households and sampling sites will be randomly selected from the iBhayi 
study population. Passive ChromAir® diffusion carbon monoxide badges will be used for 
measuring carbon monoxide levels for 48 hours. Thereafter, observed carbon monoxide 
measurements will be compared with households’ respiratory health information from the 
iBhayi study. Information and participants consent forms will be administered to householders 
prior to air monitoring. Please find a copy of the participant information and informed consent 
form attached.  
Upon completion of the study, you will receive summary of key findings on behalf of the 
community. You can contact me on s216264588@live.nmmu.ac.za.  
Thank you for your time and considerations in this matter.  
Yours sincerely, 
 
 
Ejesieme, Amarachi  
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ANNEXURE 5: AMBIENT CO LEVELS RECORDED IN STUDY SITES  
 Ambient CO level over 48 hours (ppm) 
Wells Estate Wells Estate 
Site 1 4,58 10,00 
Site 2 10,00 10,00 
Site 3 10,00 7,29 
Site 4 7,29 7,50 
Site 5 4,58 7,92 
Site 6 4,58 9,58 
Site 7 4,58 7,96 
Site 8 12,19 9,17 
Site 9 12,92 7,00 
Site 10 4,58 7,00 
 
ANNEXURE 6: INDOOR CO LEVELS RECORDED IN STUDY SITES  
Study dwelling Indoor CO level over 48 hours (ppm) 
Walmer Township Wells Estate 
Dwelling 1 0,10 0,79 
Dwelling 2 0,76 0,26 
Dwelling 3 0,26 0,29 
Dwelling 4 0.09 0,26 
Dwelling 5 0,92 7,92 
Dwelling 6 0,17 3,33 
Dwelling 7 0,28 0,83 
Dwelling 8 0,00 0,29 
Dwelling 9 0,78 0,54 
143 
 
Dwelling 10 0,32 3,33 
Dwelling 11 0,09 3,33 
Dwelling 12 0,17 0,00 
Dwelling 13 0,09 0,54 
Dwelling 14 0,82 0,31 
Dwelling 15 0,36 0,27 
Dwelling 16 0,09 3,33 
Dwelling 17 0,26 0,27 
Dwelling 18 0,00 0,00 
Dwelling 19 0,26 0,31 
Dwelling 20 0,16 0,27 
Dwelling 21 0,42 0,35 
Dwelling 22 2,57 0,00 
Dwelling 23 0,09 0,63 
Dwelling 24 0,42 0,31 
Dwelling 25 2,88 0,00 
Dwelling 26 0,38 0,23 
Dwelling 27 0,90 0,25 
Dwelling 28 0,29 0,54 
Dwelling 29 0,26 0,17 
Dwelling 30 0,26 0,31 
Dwelling 31 0,17 0,06 
Dwelling 32 0,84 0,35 
Dwelling 33 0,07 0,00 
Dwelling34 0,24 0,46 
 
